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N this day and age power plant equipment is often ex- 

pected to “‘stay on the line” twenty-four hours a day — 
seven days a week for extended periods of time. Such 
requirements emphasize the importance of an adequate, 
dependable and accessible system of lubrication. 


One of the special advantages of the C-E Raymond Bowl 
Mill is its positive lubrication. That this lubrication 
system is adequate and dependable has been consistently 
demonstrated under the most severe operating conditions. 
Its convenience and accessibility are apparent from the 
accompanying illustrations. 


The principal lubrication points are the driving mechanism 
and the roller journals. The oil supply to each of these 
points may be replenished through readily accessible filler 
ports while the mill is running. A brief study of the ar- 
rangement drawing and accompanying description will 
clarify the simple and self-contained process of lubrication. 
No pump or other separate lubricating device is required. 


Because the Bowl Mill operates under suction there is little 
tendency for dirt and coal dust to work into the driving 
mechanism. Nevertheless there is an effective labyrinth 
seal to assure complete protection. 


For more detailed description of all the Bowl Mill ad- 
vantages write for illustrated booklet. 








HOW THE BOWL MILL IS LUBRICATED 


The driving gears are lubricated by direct con- 
tact with the oil in the gear housing which also 
acts as areservoir. Oil enters the lower bearing 
through a port near the top of the lower bushing 
and thence through a machined recess which 
leads to a spiral groove in the bushing around the 
worm wheel hub. As the hub revolves oil is 
forced to the bottom of the shaft and up through 
its hollow center to the upper bearing which is 
similarly lubricated. The oil returns by gravity 
to the thrust bearing and thence to the gear 
housing where it is cooled by a coil that contains 
circulating water. Each roller journal has a 
self-contained lubricating system the action of 
which is similar to that of the bowl shaft. 

















Special advantages of 


THE BOWL MILL 


Positive lubrication. Convenient adjust- 
ment and control. Quiet, vibrationless 
operation. Ability to handle high tem- 
perature air. 
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The COPES 
“5-STAR" 
BALANCED 


VALVE 





The horizontal rotating lever shaft 

reduces friction to less than 2 
pounds in the largest sizes, compared 
with from 6 to 16 pounds or more with 
a sliding stem. 


High valve lift, from %-inch on 

34-inch valves to 134 inches on 
6-inch, permits more accurate control 
and increases the life of the inner 
valve parts. 


Sleeve type or bevel-seating pis- 
ton furnished as required by the 
operating conditions. 


Rectangular, “V’ or compound 
ports are accurately designed for 
the operating conditions. 


Valve piston is scientifically bal- 

anced under flows and pressures, 
more so than any other make of “bal- 
anced” valve. 


This ‘‘5-Star’’ Balanced Valve can be 
furnished for use with any actuating 
element. Or complete with solenoid, 
thrustor or motor for remote electrical 
control. Or with diaphragm operator 
for remote control by gas or air. For 
complete information— 


Write for Control Catalog 
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A Large Refinery Reports 


These charts show remarkably close boiler water level control—with 
accurate feed water regulation—outdoors on a 600-pound pressure 
Riley Generator. The Flowmatic Regulator was cut into service, adjusted 
and operated by the men on the job without “‘expert’’ supervision. If 
your loads vary widely, or swing rapidly, make sure of close water level 
control with the modern trouble-free COPES Flowmatic Regulator. Write 
for Bulletin 409-B. 


NORTHERN EQUIPMENT CO., 516 GROVE DRIVE, ERIE, PENNA. 


Feed Water Regulators, Pump Governors, Differential Valves 

Liquid Level Controls, Reducing Valves and Desuperheaters 
BRANCH PLANTS IN CANADA, ENGLAND, FRANCE, GERMANY, 
AUSTRIA AND ITALY REPRESENTATIVES EVERYWHERE 


Get closer level control with the 


GOPES 


FEEDS BOILER ACCORDING TO 
STEAM FLOW*AUTOMATICALLY 











FLOWRAATIC 


LATOR 
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Dr. C. F. Hirshfeld 


The death of Dr. C. F. Hirshfeld on April 19, following 
a long illness, came as a shock to his many friends, for- 
mer students and associates, and represented a distinct 
loss to the engineering profession to which he had con- 
tributed much. 

Although, from the time of his graduation from the 
University of California in 1902 until his death, Dr. 
Hirshfeld had nominally held only two positions, that 
of teaching at Cornell until 1913 and subsequently that 
of Chief of Research of The Detroit Edison Company, the 
influence of his work extended to many fields. This was 
because of his wide diversity of interests, his breadth of 
research and extensive consulting practice along various 
engineering lines. In addition to problems dealing with 
the design, construction and operation of power plants, 
he directed research into and advised on many industrial 
applications, and was largely responsible for the develop- 
ment of the modern street car as now used in such cities 
as Washington, D. C., Chicago, Baltimore, Pittsburgh, 
Brooklyn and Los Angeles, which represents a revolution- 
ary advance in the field of urban transportation. 

Technical literature has been enriched by his books, 
numerous engineering society papers and other writings, 
all of which reflect sound practice predicated upon scien- 
tific analysis. An outstanding contribution to the cause 
of technical education and the standing of the engineer- 
ing profession was Dr. Hirshfeld’s indefatigable work as 
Chairman of the Engineers’ Council for Professional De- 
velopment. As a member of more than twenty-five en- 
gineering and scientific societies, here and abroad, he 
had served on numerous important committees and had 
been accorded various honors in recognition of his con- 
tributions to their work. 

To pass on at the age of fifty-eight, with such a back- 
ground, makes the loss to the engineering profession 
more pronounced when viewed from the standpoint of 
what further accomplishments might have been attained 
had he been spared. 


British Technical Press Views 
Air-Raid Protection 


Our British contemporary, The Power and Works En- 
gineer, devotes practically its entire April issue to the 
maintenance of power supply and industrial production 
in the event of a national emergency. Individual articles 
deal with protection against air raids in the form of 
camouflage, fire-fighting precautions, protecting fac- 
tories and plants against splinters, emergency plants for 
safeguarding electrical supply, air-raid shelters, ventila- 
tion and sanitation during emergency conditions, and 
safeguards for power transmission equipment. It is 
observed that the interconnection facilities of the Grid 
unquestionably add to the security of the public power 
supply, particularly in view of reserve transformers and 
switchgear that could be readily applied at vulnerable 
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points. It is also urged that connections between pri- 
vate generating plants and the public supply be given 
more intensive study and equipment now in reserve be 
maintained for ready standby service. 

This is by no means an isolated case, for the British 
technical press, in general, has been devoting much space 
in recent months to the subject. The accusation from 
some quarters that the daily press is fanning public opin- 
ion to a warlike spirit, certainly cannot be applied to the 
technical press. Instead, the latter appears to be re- 
flecting a slow but general awakening to the potential 
dangers attendant upon the present European situation, 
with reference to a determination to maintain industrial 
production at the required level should an emergency 
arise. An adequate and assured power supply is vital to 
such production. Essential precautions, it is believed 
by many, are the surest safeguard against such an emer- 
gency arising. 

Unlike Great Britain, where preparedness measures 
now extend beyond military circles to activities of the 
civilian population, we in the United States are not 
faced with such a pressing situation, hence read little of 
preparedness aside from that pertaining directly to our 
Army and Navy. Nevertheless, the industrial phase of 
the situation has not been neglected. Manufacturing 
facilities and power requirements, as well as their supply, 
have long been matters of survey and record. More re- 
cently this work has been correlated and extended under 
the direction of the National Defense Power Committee, 
but little has been published. 


The Biennial Coal Problem 


As this issue is about to go to press the negotiations be- 
tween Mr. Lewis and the coal operators are still dead- 
locked, depletion of reserve stocks is beginning to be re- 
flected in curtailed service, and the results of the Presi- 
dent’s last-minute intervention are yet to be learned. 
Any comment that might be made on the situation would 
merely echo the feelings of the majority of COMBUSTION 
readers and would serve no purpose at this time. 

It is probable, however, that the present impasse, 
whatever the outcome, will be seized upon by advocates 
of water power as justification for the millions already 
expended by the Government and as an excuse for urging 
further appropriations for this purpose. In doing so they 
will count on a sympathetic popular reaction, regardless 
of the economics and of the fact that present Federal . 
water power developments have had little or no part in 
alleviating the situation, and those proposed would 
scarcely do more. 

Those more recent steam plants which have been de- 
signed with provision for readily changing over to oil or 
gas, where available, are in a strategic position to cope 
with the threatened crisis. Such precautions, aimed 
primarily at taking advantage of competitive fuel prices, 
may also be regarded as insurance against biennial dis- 
turbances in the coal supply. 
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E:vaporation Tests as a 





Measure of Coal Values 


Because of the many uncontrollable and 
undetermined variables in steam plant 
operation evaporative tests alone are in- 
adequate as a means of arriving at differ- 
ences in values of coals. Data from four 
typical industrial plants are given to show 
how the evaporation per pound of coal 
varies from day to day and from period to 
period with the same coal and under normal 
operating conditions. The present article 
should be read in conjunction with one by 
the same author on “‘Judging Coal Values’”’ 
in the April issue. 


necessary to select coal which has a minimum of 

qualitative defects, that is, coal which permits 
operation at the required maximum rate of steam gen- 
eration, without serious clinkering, slagging, smoke, 
dust or corrosion. Each plant has its own limitations 
in these respects, due to its design, type of combustion 
equipment and operating conditions; and each combina- 
tion of conditions has its own practical significance mar- 
ketwise, depending upon where the plant is. This is 
qualitative selection. 

But among those coals which have no serious quali- 
tative defects for a given plant, there are differences in 
price and in Btu value, and in some physical properties 
which may affect the efficiency of the plant. As between 
two coals having the same heat value, it may be possible 
to extract a larger proportion of energy from one of them, 
and that coal is consequently more valuable to that 
plant. This requires some method of evaluation, not 
of the coal itself, but of what the particular plant can 
expect to get out of it. 

Considering the complexities of qualitative selection, 
and the somewhat unpredictable effect on plant per- 
formance of different combinations of coal character- 
istics, many industrial coal buyers have resorted to the 
simple expedient of comparative evaporation tests. 
The thought is to kill both birds with the same stone. 
Qualitative defects will certainly be revealed, and by 
measuring the amount of water evaporated per pound 
of coal, a comparative figure for valuation will be ob- 
tained. This is a slow, cumbersome, inflexible and 
sometimes costly way to find out that certain coals are 
qualitatively unsuited to the plant. There are better 
ways to accomplish this. 


Crs buying is a twofold problem. First, it is 


Does the Evaporation Test Satisfy Elementary Requirements 
of Accurate Measurement? 


Assuming that it is desired to arrive at comparative 
values among a group of coals known to possess combi- 
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nations of characteristics favorable to satisfactory op- 
erating conditions, the question becomes: Is the simple 
evaporation test a reliable basis for comparative evalua- 
tion? 

This question has been given very little general atten- 
tion. Thousands of such trials are made every year, 
and the assumption is that the differences in value, 
arrived at in this way, are entirely due to differences in 
the quality and character of the coals tried. 

Such an assumption can only be true if, 


(1) Coal from a given mine is absolutely uniform; 
that is, does not vary from one shipment to an- 
other; 

The moisture content in the coal as fired is always 
the same from one shipment to another; and 
The steam generating unit is operated under the 
same conditions and in exactly the same way 
during each trial, or if the firing methods or draft 
control are modified, it is done in a way to get the 
best results from each coal. 


The first two are unquestionably variables. The 
third is usually taken to be a constant, but it seldom is. 
There are exceptions where a very large plant can isolate 
one unit for test purposes, and operate it under strict 
control. 

Ordinarily all three of these influences are at work un- 
seen to cause the differences in apparent relative fuel 
values arrived at by evaporation tests alone. 

When relative coal values are measured by plant 
trials, a source of energy is being weighed in a balance, 
which is a power plant. Small differences in value 
among available coals run into thousands of dollars in a 
year. 


Four Factory Power Plants Studied for 
Deviations in Evaporation 


A number of statistical studies have been made by 
our organization to determine how much the evapora- 
tion per pound of coal varies from day to day and from 
period to period, under operating conditions which would 
be normally considered the same, while using the same 
coal. The data for four plants, differently equipped, 
will be discussed below. 

It should be understood at the outset that an evapora- 
tion figure may be an absolutely accurate representation 
of the coal weighed into a plant and of the steam gener- 
ated during a certain period, and still be a very mislead- 
ing basis for valuation of relative coal values. It is only 
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this particular application of the evaporation ratio that 
is under consideration here. 

These four plants are all operated under conditions 
favorable to rather better than average accuracy of ob- 
servation. The data for each plant covered periods of 
from 60 to 90 days. 

Two of the plants were equipped with multiple-retort 
underfeed stokers, one was hand-fired, and one used 
pulverized coal. The two stoker-fired plants operated 
on a five-day week, and the other two on a seven-day 
week. The hand-fired plant weighed the coal into the 
boiler room, by weighing individually each car as it came 
in. The two stoker-fired plants were equipped with 
weigh larries, the weights being recorded manually by 
the usual card-punching plan. The pulverizer plant had 
full automatic weighing and recording equipment. All 
had flow meters, and all, except the hand-fired plant, 
had automatic draft regulation. Also, each was com- 
pletely equipped with recording combustion instru- 
ments, which fact indicates that plant performance in 
each case was subject to discriminating and well-informed 
attention. 

The pulverized-coal-fired plant is one of the most 
modern and well-designed steam plants to be found 
anywhere today. It is favored with an unusually steady 
load seven days a week. Every modern device is avail- 
able for the observation and recording of all significant 
facts. 


Evaporation Variations in a Pulverized-Coal Plant 


In this plant, over a three-month period, the daily 
evaporation per pound of coal showed an average de- 
viation from the monthly average of 0.22 lb. The maxi- 
mum deviation was 1.86 lb. If two- and three-day 
periods are used, the average deviation is only improved 
slightly, but the maximum deviations were reduced sub- 
stantially, the figures being as follows: 


Evaporation per 


Pound of Coal Equivalent in 


Average Maximum Cents per Ton 

Deviation Deviation Average Maximum 
ee +0 ,22 1.86 +10¢ 84¢ 
we SENG ¢ we 6p bededeeueeee +0 ,20 0.90 a O¢ 41¢ 
en ck cricue ise ecnadcne +019 0.61 x O¢ 28¢ 


In terms of coal value per ton, in this plant, a de- 
viation of 0.20 Ib coal per pound of steam amounts to 
9 cents a ton. That means that even for three-day 
runs, a maximum deviation of 28 cents a ton might be 
encountered. This can be either plus or minus, so that 
comparing two three-day periods, using the same coal 
(and a very uniform coal it was), values as far apart as 
56 cents a ton could have been found. And this was 
in a plant favored by an unusually steady load, the 
most modern equipment and every facility for accurate 
measurements and most exact control of combustion 
conditions. 

The changes in level of evaporation per pound of coal 
during the three-month period under examination are 
shown graphically in Fig. 1 by means of a 5-day moving 
average. Each point represents the average evaporation 
ior five days, thus minimizing the effect of the maximum 
daily deviations. The shaded area represents a range 
of values, in cents per ton of coal, of 10 cents above and 
below the average for the month. While most of the 
points in this 5-day moving average curve fall within 
a range of 20 cents a ton during any one month, there was 
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an irregularly progressive improvement in the quality 
of performance during the first two months, which 
creates even greater differences between values indicated 
by the evaporation during short periods falling in two 
different months. It is obvious that the apparent value 
of a trial coal would depend almost entirely upon just 
when in this three-month period it happened to be tried. 
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Fig. 1—Pulverized-coal-fired plant 


At no point is there evidence of stabilization within 
limits of variation capable of yielding quantitative 
measurements of relative coal values sufficiently accu- 
rate for a discriminating selection of coal. 


Hand-Fired Plant Shows Greater Maximum Variations 
for Short Periods 


Now let us look at the hand-fired plant. 
figures: 


Here are the 


Equivalent in 
Cents per Ton 
Average Maximum Average Maximum 
Deviation Deviation Deviation Deviation 


Evaporation 


Tee Gas inccccsccccvccccscces SED 23.608 19¢ $1.39 
PEAT PORE. . oc ccccccccccceses +0.23 1.25 13¢ 0.72 
SGA PONG. cccccccccccccccses +0.23 0.95 13¢ 0.55 


The accuracy is of a noticeably lower order, as might 
be expected, because of the less precise control of com- 
bustion conditions, and a greater chance of error in coal 
weights. Due to the lower average evaporation of this 
plant, a given deviation in pounds of steam per pound of 
coal represents a larger amount in cents per ton of coal. 
The result is that in terms of coal value the maximum 
deviation encountered for 3-day periods is twice as great 
as for the pulverized-coal plant, and two 3-day periods 
could have produced apparent relative values of two 
identical coals as much as $1.00 a ton apart. 


Stoker-Fired Plants and the Five-Day Week 


Here are the figures for the two underfeed-stoker 
plants: 


Equivalent in 
Evaporation Cents per Ton 
Average Maximum Average Maximum 
Deviation Deviation Deviation Deviation 
Stoker Plant A 


a cténccied cceeedusi +0.55 lb 1.45 1b 25¢ 66¢ 

Be Oso cccaccctccccasece +0.40 1.27 18¢ 58¢ 

SE RS ncicceceduccauenes 0.22 0.75 10¢ 34¢ 
Stoker Plant B 

sn accssicccuceudes +0.51 1.77 25¢ 87¢ 

SS id cc cexgncsundeas +0.37 1.09 18¢ 53¢ 

3-day periods................... 0.35 0:91 17¢ 45¢ 


























The most interesting aspect of the study of these two 
plants is found in the relation between evaporation and 
the days of the week. 


Week-End Shutdown Affects Use of Evaporation Figures 


The characteristic daily variations are more easily 
seen in graph form (Fig. 2). Both plants were operating 
on a five-day week. The fact that Mondays show a con- 
sistently lower than average evaporation, and Fridays’ 
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Fig. 2—Average variations for each week-day in apparent 
value per ton of coal—two stoker-fired plants 


evaporation substantially higher than average, is easy 
to understand; but the possibility of such deviations, 
their magnitude and the effect on the accuracy of short- 
run evaporation tests, as a measure of relative coal 
values, are not so widely recognized. 

On Mondays, after a two-day shutdown of the fac- 
tory, additional coal is fired to build up the fuel bed, and 
to supply the extra non-productive heat absorbed by 
cooled-off settings. On Fridays, the amount of coal 
supplied is below normal to allow the fires to be burned 
down to a banked or semi-banked condition. It would 
appear from the shape of the two curves, that Plant B 
reaches a state of thermal equilibrium after the week-end 
shutdown much more slowly than does Plant A.! 


Coal Values That Change with the Day of the Week 


A moment’s consideration will disclose the important 
fact that in any plant, where the daily evaporation has 
the characteristics of either of these plants, comparative 
tests, even for 3-day periods, will yield lower values early 
in the week, and higher than true values during the later 
days in the week. 

In terms of dollar value, in Plant A by this system of 
measurement the same coal appears to be worth 65 cents 
a ton more on the average Friday than on the average 
Monday. In Plant B it appears to be worth 39 cents 
more on Friday than on Monday. Of course, the maxi- 
mum deviations on individual Mondays and Fridays 
were much larger. 

In the Journal of the Institute of Fuel for February 
1939, B. F. Karthauser calls attention to the fact that 


1 The fact that the points for Plant A fall close to the average for Tuesdays, 
Wednesdays and Thursdays, does not mean that there was no variation among 
different Tuesdays (or Wednesdays or Thursdays), but simply that the varia- 
tions plus and minus for these days compensated for each other. But in 
Piant B, taking all the Tuesday observations together, on balance they were 
below the average, and all the Thursdays on balance were above the average. 
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the capacity of boiler brickwork to absorb heat is not 
widely recognized, and cites the case of one water-tube 
boiler unit which stored in the brickwork heat equivalent 
to that required to operate the boiler at normal load for 
more than 5 hours. He says: “When a boiler is heated 
from a cold start, the temperature in the brickwork in- 
creases gradually, and it takes a long time, even days, 
for some parts of the brickwork to reach its maximum 
temperature or thermal equilibrium.’’ To a degree this 
is a reversible process, and at low loads or under banked 
conditions some part of the stored heat flows from the 
brickwork to the boiler. 

The effect of the brickwork as a heat reservoir is an 
important contributing factor in many plants in the 
variations in apparent fuel values based upon compara- 
tive evaporation figures. 

A measuring instrument for which one must allow 
known tolerances, can at least be used within those 
limits, but one which characteristically gives lower values 
on Mondays and higher values on Fridays, and other 
values for Tuesdays, Wednesdays and Thursdays is 
positively treacherous. But such things can happen 
when a boiler plant is used as a measuring instrument 
to determine coal values. This is like using a tape- 
measure which is stretched over the week-end and 
shrinks through the week. 

Obviously in plants like these, of which there are a 
great many, it makes a considerable difference when a 
coal is tried, if its relative value is to be judged by the 
relative evaporation. 


Longer Trial Periods Not Necessarily More Accurate 


If a short-run trial is not as accurate as desired, it might 
be assumed that longer trials of a week or a month would 
overcome the difficulty. If each trial is made for a full 
week, the complete cycle will be included, and the ac- 
curacy will improve, but not by enough to make that 
method sufficiently reliable for the values being mea- 
sured. 
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Fig. 3—Stoker-fired plant B 


Examination of the data for Plant B, for example, on 
a weekly basis, shows that the average deviation is the 
same as for 3-day periods, but there is a slight reduction 
in the maximum deviation. The average deviation of 
weekly averages is + 0.35 lb from the three-month aver- 
age, but we find even in this period some individual 
weeks which deviate by as much as —0.62 Ib and +0.61 
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Ib. In dollars, this is a variation for the same coal, in 
different weeks, from 30 cents below the average to 
30 cents above it. 

The average evaporation for the three monthly periods 
varied from high to low by 0.67 lb, or a total spread in 
apparent value of 33 cents. Any such variations cannot 
be attributed to differences in the value of the same 
coal; nor can they be charged to errors in measurement 
of coal and steam quantities beyond the normal limits 


0.25 Tive-Day Moving Average 
Bvaporation per Lb of Coal 


Same coal used throughout period 
ee ee ee 
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Fig. 4—Hand-fired plant 


of accuracy of such measurements. On the contrary, 
this is a plant in which these matters are given careful 
and intelligent supervision. 

It will be seen from Fig. 3 that there happened to be a 
definite change in the average level of evaporation be- 
tween the first and second months. This has its own 
significance from an operating standpoint, but the point 
is that such changes are seldom allowed for in making 
comparisons of coal values based upon evaporation fig- 
ures alone. 

Fig. 4 shows the trend of evaporation per pound of coal 
for the hand-fired plant. While the variations among 
the individual daily figures are greater than for the other 
plants, there was greater stability to the month-to- 
month averages, which however were showing a slightly 
downward trend. 

The five-day moving average for both these plants is 
very irregular, and again emphasizes the fact that rela- 
tive coal values determined from short-run evaporation 
tests in either of these plants could be influenced more 
by the particular time chosen for each trial than by the 
true differences among coals. 


Eight Coals Show Less Variation in Performance Than 
Same Coal Tried Three Times 


Here is an actual case, which illustrates what often 
happens in trying to select coals by evaporation tests 
alone. This plant made trials of eight coals, each for a 
period varying from three or four days to a week, with 
the following results: 


Coal Evaporation 
A 11.72 
B 11.64 
Cc 11.43 
D 11.31 
E 11.22 
F 11.19 
G 11.18 
H 11.17 
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All eight coals had been well selected from a purely 
qualitative standpoint, and provided (with one or two 
exceptions) satisfactory operating conditions. Pre- 
sumably, these figures represent relative values among 
these eight coals. But coal B happened to be tried 
three different times, and the figure in the table for that 
coal is the weighted average of the results of the three 
trials, which were individually 11.80, 11.55 and 11.36 Ib. 

The eight different coals show a total spread in evapo- 
ration from high to low of 0.55 Ib, but one of them alone, 
when tried at different times, showed a spread of 0.44 Ib. 
In terms of value per ton of coal, there was an apparent 
difference among the eight coals of 32 cents but the 
same coal yielded values 26 cents a ton apart when tried 
at different times. 

When reduced to terms of efficiency, thus allowing for 
differences in the heat value of the eight coals, there was 
only a spread from high to low of 2.2 points, while among . 
the three trials of the same coal the spread was 3.2 points. 
In other words, the whole difference in operating per- 
formance among the eight coals was less than the dif- 
ference in performance among the three trials of the same 
coal. 


Long Trials Have Special Disadvantages 


A trial for a period as long as a week or a month has 
the practical disadvantage that most coal buyers, who 
depend upon this method, are often making a trial of a 
coal of unknown performance characteristics. They 
are naturally, and quite properly, reluctant to commit 
themselves to a large quantity of a coal, which may prove 
thoroughly unsatisfactory. The longer the trial run 
the greater is the risk of substantial loss from the trial 
itself, if it does not happen to be successful. 

For the longer trial of a month, there are two added 
disadvantages. If every coal is tried for a month, ob- 
viously few coals can be tried, and the time involved in 
trying even a small number of coals becomes too great 
to serve properly the purposes of coal buying, which 
ought to be more readily adaptable to changes in the coal 
market, or in the plant. 

In addition, if a trial run is extended to cover as long a 
period as a month, there are added sources of error. 
Most plants have substantial differences in steam de- 
mand throughout the year, due to either seasonal changes 
in their business, or to weather conditions, or both. 
These seasonal changes in load can, and do affect boiler- 
plant performance. 


Unobserved Tendency of Evaporation to Vary with Same 
Coal Causes Confusion 


However they are viewed, and no matter how they are 
conducted, evaporation tests, as a measure of relative 
coal values, require critical and skillful interpretation 
of the results. 

The simple truth is that there are too many uncon- 
trollable and often undetermined variables in steam- 
plant operation in an industrial plant, to permit it to be 
used as a measuring instrument to determine differences 
in the value of coals by evaporation figures alone, within 
the limits of accuracy which are necessary for the most 
successful coal selection. 

Variations in evaporation per pound of coal are going 
on in most industrial plants all the time, but they are not 
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noticed. If two or three coals are tried, for example, for 
periods of two or three days or a week, the evaporation 
for those particular periods is observed. What has been 
happening right along, without any change of coal, may 
not have been recorded, or if it has, the normal degree 
of variation for periodsof like length has not been in- 
vestigated. 

The fact that these unobserved variations in boiler per- 
formance, as indicated by: the evaporation ratio, are 
taking place. in most industrial steam plants all the 
time, accounts for the difficulty that many coal buyers 
have in reconciling the comparative quality of coals as 
disclosed by laboratory tests with the apparent relative 
values in use. It accounts, too, for the common ten- 
dency to attribute the apparent differences in value to the 
mysterious effect of unidentified chemical or physical 
properties of the coals, and so to exaggerate their pos- 
sible influence on quantitative measurements of heat 
recovery far beyond what can be justified by scientific 
knowledge of combustion. 

Sometimes the failure to reconcile laboratory data with 
the results of plant trials is attributed to improper sam- 
pling or errors in laboratory procedure, without stopping 
to calculate that sampling or laboratory errors which 
would be equivalent to the variations in boiler perform- 
ance would have to be such gross errors that they 
would be perfectly apparent on their face. It is true 
that laboratory coal tests do not reveal all that we would 
like to know about the behavior of coals in the furnace, 
and what they do tell us needs to be interpreted with 
some skill and experience; but what has been quite 
generally overlooked is that comparative evaporations 
are even more in need of critical interpretation. 


Good Coal Valuation Depends upon Interpretative Judg- 
ment of Group of Related Observations and Measurements 


Full-scale trials of coals are often necessary, but the 
evaporation figures, which they yield, represent only one 
of a group of observations, which, if taken together and 
skillfully related, provide a basis for reliable appraisal 
of relative coal values. When used alone, the buyer is 
simply taking the inevitable deviations, resulting from 
complex causes, for indications of relative values. 

The use of a boiler plant as a measuring instrument, 
like many other measuring instruments, requires that 
the observed results be corrected for known causes of 
variation. At least the effect of any extraneous in- 
fluence, which tends to distort the observed value by a 
significant amount, must be capable of identification. 

As has already been pointed out, in a preceding article,” 
the variations of the quality of one lot of coal from its 
average quality, and the presence of either abnormally 
high or abnormally low moisture can be allowed for, by 
sampling and testing the individual lot of coal being 
used in the trial, and by comparing this with a reliable 
average quality and typical moisture for that coal. 

The influence of varying operating conditions can be 
detected by the use of the heat balance. With its help 
one can determine whether or not normal operating 
conditions obtained during the trial; and, if not, whether 
the cause was due to the character of the coal, a change in 
conditions which would have affected any coal in the same 
way, or to some change in firing or draft regulation. 


2 See ComBustrion, April 1939. 
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Turbine Availability 


The recently published report on ‘Turbines, Con- 
densers and Pumps” by the Prime Movers Committee, 
E. E. I., covers operating data on 294 turbine-generators 
ranging from 20,000 to 165,000 kw capacity and with 
steam pressures up to 700 lb; also 17 turbine-generators 
of 3360 to 80,000 kw capacity, operating at pressures of 
1200 lb and higher. The total output of these machines 
accounted for nearly 69 per cent of all the energy pro- 
duced by fuel-burning central stations in the United 
States during 1937, which was the period covered. 


TOTAL OUTAGE 


OTNER CAUSES 


ee OUTAGE 


Qurack FACTOR-FERCENT 





YaeS OF OPERATION OF Unirs 


Outage factors for varying years of service 


For the 294 turbines operating at pressures up to 700 
Ib an average service demand availability factor (ratio 
of service hours to demand hours) was 95.53 per cent 
which was slightly under that of the preceding year. 
The service demand factor (ratio of demand hours to 
period hours) was 68.47 per cent. The unit capacity 
factor (ratio of kilowatt-hours generated to the product 
of the unit rating and the period hours) was 44.17 per 
cent. A total outage factor of 8.28 per cent was reported 
for these machines. 

For the high-pressure turbines an average service de- 
mand availability factor of 93.15 per cent was shown 
during 1937 as compared with a factor of 89.25 per cent 
for the preceding year. 

Annual inspection and blading repairs accounted for 
the largest number of outage hours. Of an average out- 
age of 722 hr per unit, the turbine accounted for 434, the 
generator 83, the condenser 168 and other causes 37. 
Of the units reported, 54.7 per cent were inspected during 
1937, and this accounted for an average of 477 hr per 
unit. Bucket or blade repair outage averaged 497 hr 
per unit, although only 8.16 per cent of the units were 
involved. 

The accompanying graph is interesting as showing the 
outage factors of the entire units, including condensers 
and generators, for varying years of operation. 
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POWER PLANT AUXILIARIES 


By GEORGE C. DANIELS, Mech. Engr. 
The Commonwealth & Southern Corporation 


Distinguishing between those auxiliaries 
that are essential and those that are non- 
essential to the ability of the plant to con- 
tinue operation, the author presents a 
brief for electric drive of the simplest type, 
inasmuch as the more complicated drives 
and controls are likely to promote unreli- 
ability. Drives for each of the usual plant 
auxiliaries are discussed, in turn, with 
reference to the individual canditions to 
be met, and the predominance of the 
squirrel-cage motor is pointed out. At- 
tention is also given to auxiliary power 
requirements. 


of construction and operation and its reliability 

depends to a great extent upon the proper selection 
and installation of the auxiliary equipment. The kind 
of power-plant auxiliaries and the method of driving 
them will be governed by the size and service of the plant 
and whether it is isolated or part of an inter-connected 
system. The choice will also be influenced by the fuel 
used, the manner in which it burned and by the steam 
pressure. Such equipment will range from a simple 
steam-driven boiler-feed pump, as possibly the only 
auxiliary in a non-condensing engine or turbine plant 
supplied by hand-fired boilers, to the multiplicity of all 
electric-driven auxiliaries in a modern large central 
station with pulverized-fuel-fired boilers and turbines 
operating on the regenerative heat cycle. 


Te successful functioning of a power plant, its cost 


Essential and Non-Essential Auxiliaries 


Power-plant auxiliaries are generally classified into 
two groups, essential and non-essential. By essential is 
ordinarily meant those auxiliaries whose continual func- 
tioning is necessary for the operation of the plant, and 
the non-essential auxiliaries those that are not needed 
continuously. Essential auxiliaries might also be con- 
sidered to be those that are required to put the plant into 
operation or have to operate continuously to prevent 
damage to the equipment. For an isolated plant they 
would include the boiler feed pump, induced- and forced- 
draft fans, and fuel feed. The circulating water and 
condensate pumps may or may not be essential for 
starting the plant depending upon whether or not some 
power can be generated non-condensing. In a plant 
on an inter-connected system, or one that has available 
an outside source of power, the only essential auxiliary 





* A paper presented at the Midwest Power Conference, Chicago, April 6, 


1939. 
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would be a boiler feed pump in order to protect the 
boilers from overheating from the residue heat in the 
setting or fuel bed in case of a complete plant shutdown. 
In such a plant, having pulverized-fuel-fired boilers and 
completely water-cooled, dry-bottom furnaces, the boiler- 
feed pump is not essential to prevent damage to the 
boiler in case all auxiliary power is lost. Some modern 
utility plants have been designed on this basis and do not 
have a single steam-driven auxiliary. 

Reliability of boiler and turbine auxiliaries is essential 
to continuity of service, but reliability is a relative term 
when applied to power-plant equipment. In an endeavor 
to achieve reliability some designers have resorted to 
complicated designs that may in themselves be a source 
of unreliability due to a failure of some relatively minor 
link in the operation. Thus a multiplicity of protective 
electric relays may defeat their very purpose and in 
themselves cause added delay in locating and remedying 
the trouble. Simplicity is a vital ingredient of reliability. 
Quick starting is essential for some auxiliaries and desir- 
able for all of them. Rapid location of trouble and 
ease of emergency repairs or replacement must be kept 
in mind. It should be possible to schedule maintenance 
of auxiliary equipment and limit its supervision to 
periodic inspection. The apparent unsuitability of some 
European equipment in American power plants seems to 
lie in the fact that in this country power plant auxiliaries 
are not given the close supervision accorded them in 
European plants. This is not possible with the smaller 
operating personnel usually maintained in American 
power plants, nor does it seem necessary in the light of 
our past experience with auxiliaries designed to operate 
with the minimum of attention. 


Turbine versus Motor Drives 


Turbine drives for auxiliaries may appear to be the 
simplest, since they are the most direct, and may appear 
to be the most reliable. For isolated plants some steam- 
driven auxiliaries may be essential for starting up the 
plant and the plant heat balance may indicate that they 
are the most economical but the simplicity and reliability 
of the turbine drive is more apparent than real. With 
turbine drives, reduction gears are necessary since the 
auxiliaries operate at lower speeds than is economical 
for the turbines to operate at, with the exception of the 
boiler feed pumps. Remote control is not as simple as 
with motor-operated auxiliaries and starting requires 
more time. Speed governors, steam traps and control 
valves all have to be serviced and add to the maintenance. 
Increases in steam pressures and temperatures make the 
auxiliary drive turbine less attractive from the standpoint 
of cost and reliability. 
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The use of electric drives for practically all auxiliaries 
in central stations has become almost universal in recent 
years. This has been due to several factors. The use 
of the regenerative cycle of feedwater heating from the 
main turbines eliminates the need of exhaust steam, 
simplifies the heat balance and the operation because the 
steam extracted for the feedwater heating varies auto- 
matically with the load changes. The electric drive is 
simple, can be started and stopped quickly and conve- 
niently from any control point and is more flexible. The 
absence of steam piping to the auxiliaries gives more 
room, simplifies the design and operation and reduces 
maintenance. 

When electric drives for auxiliaries first came into 
general use it was thought necessary for a reliable source 
of power to provide a separate turbine-driven house gen- 
erator or an auxiliary generator connected to the shaft 
of the main generator. Additional or reserve capacity 
would be supplied by transformers connected to the sta- 
tion bus. Many installations of this type have been 
made. The present-day practice is toward greater 
simplicity by supplying auxiliary power from the 
main bus through a transformer bank. The use of a 
pilot exciter on the generator shaft exciter has increased 
the electrical stability of the main generator to a point 
comparable to the separate shaft generator for auxiliary 
power supply. The dependability of the main unit is as 
good or better than a smaller turbine-driven house gen- 
erator and its efficiency is greater. Progress in the de- 
sign and construction of electric equipment, trans- 
formers and cables has further increased the reliability 
of auxiliary electric power from the station bus. 


Squirrel-Cage Motors Predominate 


The use of squirrel-cage motors for practically all 
station auxiliaries is becoming more pronounced and 
fewer slip-ring motors are being used. Full-voltage 
starting of squirrel-cage motors is the accepted practice, 
and pump and fan manufacturers build their equipment 
accordingly. This practice results in greater simplicity 
and also a saving in space required. 

The power consumed by electrical auxiliaries is rela- 
tively small and depends largely upon the type of fuel 
burned and to a lesser extent upon the condensing water 
conditions and upon the boiler pressure. For gas- and 
oil-fired plants the percentage of gross generated power 
required by the auxiliaries varies between 3.5 and 4.0 
per cent, for stoker-fired plants 4.0 to 5.0 per cent and 
for pulverized-fuel plants 5.5 to 6.5 per cent. 

Power station auxiliaries required vary with the fuel 
and character of the plant but include some or all of the 
following: 

Boiler-feed pumps 
Induced-draft fans 
Forced-draft fans 
Stoker drives 
Pulverizers and feeders 
* Exhausters 
Dust precipitators 
Circulating-water pumps 
Condensate pumps 
Heater-drain pumps 
Coal handling 
House service pumps 
Ash-sluice pumps 
Air compressor 


The condenser air pumps are not included in the above 
list since the use of steam-jet air pumps, which require 
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no auxiliary power, has become practically universal 
and presents no problem in the station heat balance, 
design or operation. 

Squirrel-cage motors provide the simplest and most 
reliable drive and also the lowest in first cost. All of 
the auxiliaries in some plants are driven by squirrel- 
cage motors, while in others all of the essential auxiliaries 
are driven by variable-speed motors of the slip-ring or 
direct-current types, or a combination thereof. In no 
phase of power plant design has there been more diver- 
sity of opinion than in the necessity of variable speed for 
driving essential auxiliaries. Variable-speed drives save 
power but can seldom be justified on this basis alone 
since the first cost is considerably greater. More room is 
required for the equipment and the greater complication 
results in increased maintenance and less reliability. 
Since the reasons for the desirability of variable-speed 
drives vary with type and use of the auxiliaries, these will 
be discussed separately. 


Forced- and Induced-Fan Drives 


Of all of station auxiliaries the induced-draft fans, and 
to a lesser extent the forced-draft fans, are the ones which 
it has been most desirable to provide with variable-speed 
drives. This has been due to the large saving in power 
that can be effected and also to the rapid wear on the 
blades and casing of the induced-draft fans if operated 
constantly at fullspeed. Variable-speed slip-ring motors 
were formerly used to a large extent for this service but 
possessed the objections that they had step control, re- 
quired damper control below half speed and generally 
between steps, the control required considerable room and 
increased the complication. 

Two constant-speed motors on the fan shaft, so selected 
that the larger motor operates only on the peak load, is an 
arrangement that has been used extensively. This is 
generally more economical than one variable-speed slip- 
ring motor and close control with the damper can be 
maintained. This provides a simple and reliable drive. 
To be economical, the speed and size of the motors must 
be selected carefully. The fan capacity and pressure 
has to be determined very closely with only a small 
amount of tolerance since the power requirements vary 
with the cube of the speed. Synchronous speeds have 
to be selected for the two motors so the designer is very 
limited in his choice. By careful design it is possible to 
get a combination that will necessitate operating the 
larger motor only during peak loads and the smaller 
motor will require only approximately 40 per cent of the 
power of the large motor and operate at three quarters 
of the speed. Two-speed motors can be obtained but are 
usually more expensive and one motor is not quite as 
reliable as two motors. The control of the two-motor 
drives is somewhat complicated by the necessity of 
switching motors under load and presents some diffi- 
culties especially with automatic control. 

Variable-speed hydraulic couplings with squirrel-cage 
motor drives have recently been developed which give 
smooth speed variation from full speed down to approxi- 
mately 20 per cent speed. The economy of this drive 
approximates that of the variable speed slip-ring motor. 
It permits cross-the-line starting of the motor without 
shock and the control is simple. Experience thus far 
indicates that it is reasonably reliable even though 
another piece of equipment is interposed between the 
motor and the fan. 






May 1939—-C OM BUSTION 








Adjustable inlet-vane fans have come into very general 
use for induced- and forced-draft. These fans are driven 
with a constant-speed motor and the quantity of air or 
draft is controlled by opening or closing the vanes on 
the fan inlet. This makes a simple and reliable control 
and where the induced-draft fan is located beyond a 
cinder eliminator or fly-ash precipitator the wear on the 
inlet vanes is negligible. 

Other and more complicated speed-varying equipment 
has been tried but has not been used extensively enough 
to warrant further comment here. 


Stoker Drives 


Of the various auxiliary drives that of the stoker is 
usually the most difficult to simplify. The speed control 
must be accurate under widely varying torque condi- 
tions. A slip-ring motor is unsuited because its speed 
depends upon the torque which is not constant. A d-c 
motor drive is probably the most satisfactory for this 
service. The a-c brush shifting motor approaches the 
d-c motor in performance but is quite complicated and 
expensive. A comparatively simple and effective drive 
that has been used rather extensively consists of a two- 
or three-speed a-c motor controlled through a slow mov- 
ing commutator that is separately driven. This com- 
mutator operates the motor at a constant speed for a 
determined time limit so that any number of revolutions 
per minute can be obtained but not at a constant speed 
for the entire minute. This fluctuation in speed is un- 
important for stoker drive. Mechanical speed-changing 
devices operating with constant-speed motors are also 
used, and since the amount of power transmitted is 
usually not large they can be made to operate with 
little trouble and without excessive maintenance. 

Coal pulverizers usually run at constant speed and 
normally present no drive problem. Pulverizer feeders 
may be constant or variable speed depending upon the 
design and operation of the pulverizers. Variable speed 
can be obtained by d-c motors usually supplied from small 
motor-generator sets or by mechanical speed-varying 
devices which, due to their small size, are usually entirely 
satisfactory. 

Circulating-water pumps are almost universally driven 
by squirrel-cage motors and since the usual practice, in 
all except very small installations, is to provide two 
pumps per turbine unit there is sufficient flexibility to 
take care of the difference between summer and winter 
























and light and heavy load operation without undue power 
consumption. Variable-speed motor drives can only be 
justified under the most unusual conditions. 

Condensate pumps driven at constant speed cause a 
wide variation in the water in the hotwell, and at low 
loads the water may recede into the eye of the impeller 
causing cavitation and objectionable noise. Occlusion 
of non-condensable gases in the condensate may also be 
caused by the excessive lowering of the water in the suc- 
tion of the hotwell pump. To overcome these difficulties 
the condensate pumps are occasionally driven by vari- 
able-speed motors but other and possibly simpler means 
may be employed that permit the use of a squirrel-cage 
motor drive with its simplicity and absence of control. 
The level in the hotwell may be controlled by throttling 
the discharge or recirculating the condensate, which is 
very simple to accomplish automatically or the hotwell 
may be deepened to extend below the inlet of the con- 
densate pump. The design of the condensate pump 
may contribute to the trouble since cavitation is not 
troublesome with all designs. 

Boiler-feed pumps are usually driven by squirrel-cage 
motors, although for some of the stations variable- 
speed drives have been selected. A range of 15 per cent 
in speed is generally sufficient to maintain uniform feed 
pressure but at the higher pressures where 3600-rpm 
motors can be used to advantage, slip-ring motors are 
not advisable, even if they were available. Pressure 
regulators can be used to throttle the pump discharge al- 
though in many plants no regulation whatever is used. 
For some high-pressure plants plunger pumps have been 
selected and in others steam-turbine-driven feed pumps 
are used, but, as mentioned previously, this is not ac- 
complished without detracting from simplicity of design 
and operation. 

All of the other auxiliaries not specifically mentioned 
are classed as non-essential, that is, those which may stop 
for a short time without inconvenience. These auxili- 
aries are usually driven by squirrel-cage motors and offer 
no problem to the designer other than that they must be 
adequate for the work required of them, that they can 
readily be controlled and can be located conveniently for 
inspection and repair. 

This paper has covered only some of the high spots 
encountered by the designer of power plants when 
selecting power plant auxiliaries and their drives and 
represents only opinions and observations of the author. 
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New Boiler Plant of 


Armour & Company 


Designed for ultimate operation at 475 
lb, the two new 60,000-lb per hr steam 
generating units are being operated ini- 
tially at 160 lb, inasmuch as power is now 
purchased and the steam is used for proc- 
ess only. Unwashed Illinois screenings, 
containing 18 to 19 per cent ash, 15 per 
cent moisture and 4 per cent sulfur, are 
burned in pulverized form with sub- 
stantial savings over the better grade of 
coal formerly burned on chain-grate 
stokers. 


the National Stock Yards, East St. Louis, IIl., is of 

particular interest because of the character of the 
fuel that is being burned in pulverized form. This is 
unwashed screenings containing from 18 to 19 per cent 
ash, approximately 15 per cent moisture, 4 per cent sul- 
fur, and averaging about 9200 Btu per Ib, as fired. 

This installation is close to the Illinois coal fields and a 
preliminary survey of coal-burning plants in the vicinity 
of St. Louis revealed that most of them burn either 
washed coal or the better grades of local coal on chain- 
grate stokers, the prevailing opinion being that the addi- 
tional cost of the washed or better grade coal is war- 
ranted by improved operating results with this method 
of firing. 

The original boiler plant of Armour & Company 
constructed a number of years ago contained eight 
Sterling four-drum boilers fired with Green natural- 
draft stokers burning the better grades of coal. These 
units were operated at 160 lb per sq in. and supplied 
steam primarily for driving refrigerating machines and 
air compressors, the exhaust, as well as a considerable 
quantity of live steam, being utilized throughout the 
packing process. Electricity for power purposes and 
lighting was purchased from the local utility. 


‘| ite new boiler plant of Armour & Company at 


Factors Governing Steam Conditions 


When it became necessary to replace these old boilers 
with new and more efficient steam generating capacity, 
the questions of steam pressure and the most economical 
fuel were given full consideration. Since there was no 
immediate intention of changing from purchased to 
privately generated power and as the prevailing steam 
pressure met present requirements, there was no reason 
for changing the steam conditions. However, it was 
believed desirable to make provision, in so far as con- 
cerned the boiler plant;*for possible future generation of 
power. Therefore, it was decided to install steam gener- 
ating units capable of operation at 475 lb pressure, but 
which for the present would operate at 160 lb and 50 
deg superheat. Also, provision was made for the future 
installation of additional superheating surface to bring 
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the total steam temperature to 665 F with high-pressure 
operation in the event that a turbine-generator might 
later be installed. 

The present average daily peak load is around 125,000 
Ib per hr, which figure determined the size of the new units 
to be installed. The maximum demand of 160,000 Ib 
per hr occurs at very infrequent intervals, perhaps once 
or twice a year, and at such times it anticipated that the 
additional steam could be furnished by one of the re- 
maining old boilers. The decision, therefore, was to 
install two steam generating units, each having a con- 
tinuous rated capacity of 50,000 Ib per hr and sufficient 
overload capacity to carry the daily peaks. 


Availability of Low-Grade Coal Responsible for Selection 
of Firing in Pulverized Form 


In view of the previously-mentioned survey and the 
desire to take advantage of the price of the unwashed 
screenings, it was decided to install pulverized-coal- 
fired units. However, as this low grade fuel has an ash- 
fusion temperature of about 1900 F, in addition to the 
high ash and high moisture content, a definite problem 
in furnace design and in the application of pulverized- 
coal-firing equipment was presented. 

The units finally selected as being able to meet these 
conditions were two C-E Type VU, two-drum steam 
generators, bowl mills and horizontal turbulent burners. 
Each unit is designed for 50,000 Ib of steam per hour 
continuous rating and a peak capacity of 60,000 Ib per 
hr for two hours, although loads of 55,000 to 60,000 Ib 
have been carried continuously and peaks of 67,000 Ib 
for short periods. 

Tubular air preheaters of counter flow arrangement 
were installed, but in order to provide sufficient tempera- 
ture to dry the very high moisture coal, without permit- 
ting the exit gas temperatures from the heater to fall too 
low because of the high sulfur content, supplementary hot 
gas to the mill is taken from below the bottom water 
screen of the furnace. No economizers are installed 
and the entering feedwater temperature is around 210 F. 
Under these conditions the calculated efficiencies were 
81.8 per cent at 50,000 Ib per hr output and 83.7 per 
cent at 35,000 Ib per hr. While no tests have been run 
to date, the temperatures of the gases leaving the boiler 
and air heater, as well as the CO, measured at the air 
heater outlet, indicate that this anticipated performance 
is being met. 

In view of the future possibility of having to supply 
steam to turbines for the generation of power it was 
deemed advisable to install initially a steam washer of 
the C-E bubble type in the steam drum of each unit. 
These drums are 60 in. in diameter, this size being neces- 
sary because of the present low-pressure operation, in- 
volving steam of greater volume than would obtain with 
operation at 475 lb. The interiors of the drums were 
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Mills located at basement level 


VIEWS IN NEW 
BOILER PLANT OF 
ARMOUR & COMPANY 


Both the forced- and the induced-draft fans are in the basement Boiler control panels for two units 
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pickled and sand-blasted in preparation for the applica- 
tion of a coating of Apexior. 

The furnaces are completely water cooled with 3-in. 
fin tubes on the side walls and plain tubes on the front 
wall, roof and bottom. This accounts for 1685 sq ft 
of heating surface for each unit in addition to 5825 sq ft 
in the boiler proper. On the basis of a gross furnace 
volume of 3070 cu ft the heat release at rated output is 
21,200 Btu per cu ft. Hopper bottoms are fitted below 
the bottom water screens and the ash is discharged by 
means of a sluice running under the basement floor. 
The units have insulated steel encased settings. 

Each unit is served by a single mill, located at the 
basement level, but to guard against the possibility of a 
plugged fuel line or failure in feed, duplicate feeders at 
the operating level are provided. 

Both the forced- and the induced-draft fans are of 
Clarage design, the former being of 20,200 cfm and the 
latter of 39,400 cfm capacity. They are driven by three- 
phase 60-cycle 440-volt motors. 

The boiler panels contain Bailey boiler meters to re- 
cord, integrate and indicate steam flow, air flow, the 
temperatures of gas and air at various locations, and 
also multi-point draft gages. 

When the first boiler was started up a washed coal was 
burned because this was the fuel being used on the exist- 
ing stoker-fired units and it was desirable to have all the 
coal in the plant of the same character; also it was be- 
lieved that it might be easier for the operating personnel 
to become acquainted with handling a pulverized-coal- 
fired unit while burning the better grade of coal. How- 
ever, when the second unit was installed, and practically 





all load had been taken off the old boilers, the fuel was 
changed to an unwashed coal such as that upon which 
the design was predicated. This coal has now been 
burned for almost a year with excellent results and 
without any indication of slag accumulations in the fur- 
naces, despite capacities in excess of those specified. 
Also, loads as low as 20,000 Ib of steam per hour have 
been carried. 

Very substantial savings in fuel costs have been real- 
ized as a result of the improved operation with the new 
equipment. 


Joint Fuels Meeting Scheduled 


A joint meeting of the Coal Division of the American 
Institute of Mining and Metallurgical Engineers and the 
Fuels Division of the American Society of Mechanical 
Engineers will be held in Columbus, October 5 to 7. 

R. A. Sherman, supervising fuel engineer at Battelle 
Memorial Institute, has been named chairman of the 
general committee for the meeting. Professor S. R. 
Beitler, of the Department of Mechanical Engineering, 
Ohio State University, is chairman of the local committee 
on arrangements. 

Similar joint sessions of the two national engineering 
society divisions held last fall in Chicago and the previous 
year in Pittsburgh reported registrations of 300 or more. 
Plans for this year’s meeting include two days of tech- 
nical sessions, a morning of visits to industrial plants, and 
by way of entertainment, the possibility of attendance 
at an Ohio State University football game the afternoon 
of the 7th. 





This gage indicates the furnace, flue or differen- 
tial drafts by turning the pointer to the reading 
wanted. The front connector is for the furnace 
draft and the back connector for the flue draft. 

For the gas flow, the differential should be not less 
than .25”. With firein good condition, the pointers 
are set for the lowest drafts that will carry the load 
range by varying the position of the damper. 

After regulating the draft, the gage is operated 





ELLISON COMBINATION DRAFT GAGE {Mm 





ELLISON DRAFT GAGE COMPANY 214 West Kinzie Street Chicago 


on either the furnace draft or the differential. 


When taking flue or furnace readings, the zero 
end of the gage is automatically open to the at- 
mosphere thru the vent cap. When turning 
pointer to zero on the dial, handle up, both ends 
of the gage are open to the atmosphere thru 
the vent cap. When pointer stands at drop, 
handle down as shown, the vent cap is closed from 
both ends of the gage. 
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Treatment of Boiler Feedwater 


by Zeo-Karb Process 


By JOSEPH D. YODER 
The Permutit Company 


The author presents detailed operating 
results with this relatively new process at 
the Williamsburg, Pa., plant of the West 
Virginia Pulp and Paper Company as well 
as those attained in another installation. 
This process, which was previously de- 
scribed in a paper before the A.S.M.E., 
softens the water by effecting an exchange 
of the calcium, magnesium and sodium 
ions for hydrogen, similar to the action of 
sodium zeolite in removing calcium and 
magnesium; but instead of being siliceous 
as in the case of the zeolite, Zeo-Karb is a 
sulfonated, granulated bituminous coal 
product having the capacity of being re- 
generated with either acid or brine. 


N the treatment of boiler feedwater, it is not enough to 
protect boilers against scale and corrosion. This pro- 
tection is necessary, but simultaneously the water 

must be so treated as to have low hardness or sludge- 
forming properties, low sodium carbonate alkalinity 
and low total solids. These secondary requirements are 
so well recognized as to require no explanation. 

The lime-soda process can reduce the hardness or 
sludge-forming salts to a very low amount, but this re- 
quires feeding a high excess of treating chemicals or alka- 
linity. The high alkalinity in practice is regarded more 
objectionable than a somewhat higher hardness, so that 
a compromise treatment is generally used resulting in 
moderately high alkalinity and moderately low sludge. 

The hot-process lime-soda treatment offers advantages 
over the cold process treatment because heat accelerates 
the chemical reactions and makes possible substantially 
lower sludge in the boiler and likewise lower alkalinities. 
Chiefly for these reasons the hot lime-soda process re- 
placed the cold lime-soda process in the field of boiler 
feedwater treatment. Nevertheless, the limit of the hot 
lime-soda treatment is approximately 18 to 25 ppm of 
hardness with 18 to 25 ppm excess sodium alkalinity. 
The residual hardness depends to some extent on the 
character of organic substances in the water and the 
amount of excess chemicals fed. 

To obtain lower hardness from lime-soda treatment, 
higher excess chemicals are sometimes fed, following 
which the water is given an after-treatment with sulfuric 
acid to reduce the sodium carbonate alkalinity. This 


* From a paper presented before the Chicago Section, A.S.M.E. 
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treatment increases the total solids as well as the com- 
plication, but it frequently gives a better boiler feedwater. 

The well-known sodium zeolite process reduces the 
hardness to a very low figure, but this process offers no 
control over the alkalinity of the softened water. The 
alkalinity of the softened water is always equal to the 
alkalinity of the raw water, which often is higher than 
is regarded suitable for boiler feed. These highly alkaline 
waters are frequently given a sulfuric acid treatment 
after zeolite softening, which reduces the alkalinity as 
desired, but also increases the total solids. 

The ‘‘Zeo-Karb H”’ process produces a water of very 
low hardness, generally averaging less than 1 or 2 ppm 
by gravimetric determination and this low hardness is 
obtained with substantially zero carbonate alkalinity if 
desired. This is further accomplished with a reduction 
in total solids proportional to the carbonate alkalinity 
it is desirable to remove. It softens water by effecting 
an exchange of the calcium, magnesium and sodium ions 
for hydrogen, identical in its action to that of sodium 
zeolite in removing calcium and magnesium from the wa- 
ter. Because of this similarity it is classified as a zeolite, 
even though such classification has broadened the gen- 
eral term zeolite. Heretofore, all zeolites were hydrated 
silicates. Zeo-Karb is non-siliceous. It is a sulfonated, 
suitably granulated bituminous coal which has the capac- 
ity when regenerated with any acid, to remove calcium, 
magnesium and sodium ions from the water and to re- 
place them with hydrogen ions. It has the further simi- 
larity to zeolite in that it can also be regenerated with 
brine (sodium chloride) in which condition it has capac- 
ity for removing calcium and magnesium ions from the 
water in exchange for sodium. The exchange reactions 
of Zeo-Karb for the sodium and hydrogen cycles are as 
follows: 


SODIUM CYCLE 


Softening 
1 (HCOs): Ge | 2NaHCO; 
Ca SO. + NaoZ = M >Z + <Na2SOx 
Mg$ | Ch 8) \2NaCl 
Regenerating 
‘ Ca Ca 
2 NaCl +93} Z = Naz + Ga}ce 
HYDROGEN CYCLE 
Softening 
3 Ca (HCOs)2 Ca 2H2COs 
Mg SO + HeZ = Mg >Z + 3 H2SOu 
Naz Cle a2 2HCl 


Regenerating 


4 Ca Ca 
H2SO. + Mg }Z = HoZ + Mg >SOu 
a2 Naz 


By comparison of equations 1 and 3 two things are 
noticeable. First, the sodium of the sodium Zeo-Karb 
replaces calcium and magnesium in the water. Second, 
the hydrogen of the hydrogen Zeo-Karb replaces calcium, 
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magnesium and sodium in the water. By comparison of 
reactions while regenerating, equations 2 and 4, the differ- 
ence lies in the use of sodium chloride and sulfuric acid 
as the regenerating substances. 

To illustrate the application of this process to the 
treatment of boiler feedwater, performance data will be 
given for a few typical modern boiler plants. The first 
case gives typical results at the plant of the West Vir- 
ginia Pulp and Paper Co., Williamsburg, Pa., which plant 
has been operating two 600-Ilb boilers with 60 per cent 
makeup treated by this process for more than two years. 
The boilers are Riley three-drum type, equipped with 
air preheaters, water-cooled furnace walls and steam 
washers. The water analyses are as follows: 





the heated water. The sodium sulfite performs the double 
function of consuming oxygen in the feedwater and of 
supplying half of the sodium sulfate required to give a 
3 to 1 sodium sulfate to sodium carbonate ratio. 

By comparison of analysis 2 with 1, representing per- 
formance with the spring supply, it is noticeable that the 
hardness is reduced to 1 ppm or less, all alkalinity is re- 
moved and the water has a slight acidity equivalent to 
1.2 ppm HCl and 3.5 ppm H2SO,. In this tabulation it 
is represented that all of the chlorides and sulfates of 
the raw water are changed to the acid form, but actually 
only 85 to 90 per cent of the sulfates and chlorides are 
combined with hydrogen. The increase in free CO; re- 
sults from the formation of carbonic acid produced by 


ANALYSIS OF FEEDWATER FOR CASE I 





SPRING SUPPLY 





TOWN SUPPLY 





— = 


1 2 3 4 5 6 
Raw Treatment Results Raw Treatment Results 
Zeo-Karb H Zeo-Karb H 
NasPO, NasPOi 
Zeo-Karb NaOH Zeo-Karb NaOH 
H NaeSO, H NaoSOx 
Ppm Ppm Ppm Ppm Ppm Ppm 
Total hardness As CaCOs 130 0-1 0-1 8 0-1 0-1 
Calcium hardness As CaCOr 68 0-1 0-1 5 0-1 0-1 
Magnesium hardness As CaCO: 62 0-1 0-1 3 0-1 0-1 
Alkalinity (M.O.) As CaCOs 122 ne 12 2 12 
Sodium carbonate alkalinity As Na2COs3 11 ‘% ll 
Tri-sodium phosphate alkalinity As NasPO, Susie ia 3.0 3.0 
Free CO: As CO: 10 117 3.0 10 12 3.0 
Chloride As NaCl 2 eee 2.0 Pe 1.0 
Chloride As HCl 1.2 a 0.6 ee 
Sulfate As NasSO, 5 eae 30.0 sic 30.0 
Sulfate As H2SO; ihe 3.5 e 5.5 as 
SiO2 As SiOz 8 8.0 8.0 5 5 5 
137 55 16 49 
Total cations removed As CaCO3 128 


For approximately six months each year, the makeup 
is taken from the town supply, which is very low in total 
solids, and for the remaining time a spring supply is used, 
which is moderately high in total solids, most of which is 
temporary hardness represented by analysis No. 1. The 
treating process is diagrammatically shown by the flow 
diagram, Fig. 1. 

The raw water passes through the Zeo-Karb H softener, 
is then treated with tri-sodium phosphate and caustic 
soda and passes over the degasifier where the free COz is 
removed. The degasified water falls to a soft-water 


the reaction of the H ions with the alkalinity. The 
free CO, is removed by the degasifier to approximately 
3 to 10 ppm. 

The HCl and H2SO, of column 2 have been neutralized 
in column 3 by the addition of causic soda and tri-sodium 
phosphate. Sufficient of these chemicals are fed to give 
the water an alkalinity equal to approximately 10 ppm 
sodium carbonate and 3 ppm tri-sodium phosphate. 
Enough sodium sulfate is also fed with the caustic soda 
and tri-sodium phosphate to give a ratio of sodium sul- 
fate to sodium carbonate of 3 to 1, when supplemented 
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storage tank holding a 12-hr supply, from which the 
softened water is pumped to an open feedwater heater 
and thence to the boiler. The feedwater heater is of the 
open tray type (non-deaerating) and reduces the oxygen 
to approximately 0.5 cc per liter. To react with this 
oxygen approximately 12 ppm of sodium sulfite is fed to 
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with the sodium sulfate formed by reaction of sodium 
sulfite with oxygen in the feedwater. For convenience, 
analysis (3) includes the sodium sulfite equivalent of 
sodium sulfate with the sodium sulfate, even though the 
sodium sulfite is fed after the heater and completes its re- 
action with oxygen in the boiler. 
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It is interesting to note that the spring water after 
treatment, column 3, is very similar to the town supply 
after treatment, column 6, whereas the two raw water 
supplies—1 and 2—differ greatly with respect to the total 
hardness and alkalinity. 

Provision was made at this plant to feed phosphate 
directly to the boilers to maintain approximately 40 to 
50 ppm of PO, therein. However, because of the greater 
ease of feeding phosphate into the low-pressure line ahead 
of the degasifier, as compared with feeding it to the 600- 
lb boilers, the phosphate has been fed into the water 
ahead of the degasifier for the past 15 months. Feeding 
phosphate to the water ahead of the feedwater heater and 
steam washers of the boiler is permissible only because 
of the very low hardness of the softened water. Other- 
wise, there would be deposits in the feed lines and particu- 
larly in the steam washer. 

The points of the curves, Fig. 2, represent test readings 
on spot samples of water taken daily at regular times. 


78 


ge 
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Fig. 2—Test readings of daily samples 


They suggest considerable variation because of the 
large scale, but upon close examination it is found that 
the treatment is very uniform. With the exception of 
one reading, on September 3, the alkalinity of the treated 
effluent varied between the limits of 7 and 19 ppm for 
the entire month. The average alkalinity was approxi- 
mately 14 ppm and the plus or minus variation from this 
average was only a few ppm. 

During all this period the hardness of the effluent was 
always less than 1 ppm. The dotted curve shows the 
acidity of the effluent which does not vary by more than 
3 or 4 ppm throughout the month. This demonstrates 
that the variations in the alkalinity of the treated effluent 
were primarily due to minor inaccuracy of proportioning 
the alkali. The free CO, from the degasifier is approxi- 
mately 10 ppm. 

The pH curves, Fig. 2, of water preceding and follow- 
ing the feedwater heater regularly show a higher value 
after heating. This is because the open feedwater heater 
drives off some free CO:. If the open heater would effec- 
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tively remove all the oxygen from the water, it would 
also remove the free CO, and the pH of the deaerated 
water would be in excess of 8.3. 

The actual cost for treatment per million pounds of 
spring water for the month of September and the esti- 
mated quantity of chemicals required for spring water 
and town supply were as follows: 


Actual Costs for Spring Estimated Chemicals 


Water, September 1938 Spring Town 
Cost per Water Supply 
Lb of Cost 1,000,000 Lb of Lb of 
Chemical per Lb Lbof Water Chemical Chemical 

H2SO; (93%) 170.6 1.89¢ $3.22 225 16 
NazPO,.12H:0 6.8 2.80 -19 7 7 
Na2SO, 2.4 .85 23 18 15 

Na2SO3 12.2 5.90 72 12.2 12.2 

NaOH 15.9 1.95 31 12.3 15.0 

Total $4.67 


More sodium sulfite is fed at this plant than is used at 
most plants operating at 600 Ib pressure because the 
open feedwater heater is not of the modern type guaran- 
teed to reduce the oxygen to 0.03 ce per liter or less. The 
oxygen in the feedwater is 
generally in excess of '/2 cc 
per liter so that full dependence 
is placed upon the sodium sul- 
fite for consuming the oxygen. 
The boilers are protected from 
corrosion. 

During the month of Sep- 
tember the average PO, in the 
boiler saline was 52 ppm and 
the average blowoff was ap- 
proximately 3 per cent of the 
makeup water. The phos- 
phate lost in boiler blowoff was 
therefore 0.03 X 52 = 1.56 ppm 
of PO,. Since the total PO, fed 
in September was 1.7 ppm this 
demonstrates that the amount 
of PO, required to combine 
with the hardness of the water 
was only 0.14 ppm, which is 
equivalent to 0.22 ppm calcium 
carbonate hardness in the 
softened water. 

The boilers at this plant 
are blown down continuously 
and the heat recovered. The blowoff is approximately 
4 per cent of the makeup water used. In 1937 the boilers 
at this plant were inspected once in six weeks and during 
the latter part of 1938 the inspection periods were ex- 
tended to once in three months. These inspections re- 
vealed no accumulation of sludge or scale in the boiler. 
The average total solids in solution for December was 
1337 ppm as compared with total solids of 1354 ppm 
including suspended matter. The amount of suspended 
matter was therefore 17 ppm as an average. As the 
makeup water was concentrated 25 times in the boiler 
the presence of 17 ppm suspended matter indicates 17 + 
25, or 0.68 ppm of the solids in the makeup water became 
insoluble. These insoluble solids represent the sum 
total of calcium and magnesium phosphate, silica, iron 
oxide and alumina to have been precipitated and check 
well with the low computed hardness based upon the low 
phosphate requirement. The hardness tests on the 
softened water also indicate zero hardness by a sensitive 
soap test. 
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The actual hardness of water softened by the Zeo-Karb 
H process is somewhat lower than the hardness obtained 
by sodium zeolite softening. 

Fig. 3 illustrates this method of operation in Case 2 
which is the general method that is employed in the 
operation of Zeo-Karb H softeners because it is more eco- 
nomical from the standpoint of chemical cost. The fol- 
lowing tabulation gives analyses for Case 2 of raw water, 
effluents from Zeo-Karb H and Na units, as well as the 
mixed effluent. 

The raw water is high in sulfates and chlorides as com- 
pared with the analysis of Case 1. Therefore, the free 








shows one typical and relatively simple method. At this 
plant two pairs of H and Na units are used. 

The sizes of these units are so proportioned with respect 
to the average mineral solids that each unit will be ex- 
hausted in about the same period of time. The ratio of 
flow through each unit of the two pairs is controlled by 
maintaining constant heads on two orifices in the bot- 
toms of the orifice control boxes above the degasifier. 
These levels are controlled by floats so that while the 
softeners are in service, the water flows through each unit 
at a substantially constant rate. From the degasifier 
the water falls into a storage tank in which a high and low 





BRINE PUMP 
Fig. 3—Illustrating general method of operation 








43% Zeo- 
Zeo- Zeo- Karb H 
Karb Karb 57% Zeo- 
Raw H Na Karb Na 
Total hardness as CaCOs 337 0-1 0-3 0-2 
Calcium hardness as CaCO2 200 0-1 0-2 0-1 
Magnesium hard- 
ness as CaCO: 98 0 0-1 0-1 
Alkalinity as CaCOz 194 0 194 15 
Carbon dioxide as CO2 pas 170 ci 158 
Chloride as NaCl 29 29 29 
Sulfate as NasSO, 320 320 320 320 
Chloride as CaCOz 25 25 25 25 
Sulfate as CaCOz 225 225 225 225 
Theoretical min- 
eral acidity as CaCOz 250 
Free mineral 
acidity as CaCO:z 222 222 
Silica as SiOz 12 12 12 12 
Total solids 543 349 543 364 


mineral acidity is correspondingly higher. The effluent 
from the sodium Zeo-Karb unit has an alkalinity of 194 
ppm equivalent to 1 per cent. 

By mixing the effluent from the H and Na units in- 
versely proportional to their respective free mineral 
acidity and alkalinity, a perfectly neutral water will be 
obtained, whereas, if 43 per cent of the water will pass 
through the Zeo-Karb H and 37 per cent through Zeo- 
Karb Na, the mixed effluent will have an alkalinity of 
15 ppm. 

Various methods may be used for proportioning the 
flow of the two streams in a constant ratio and Fig. 3 
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level float operates to start and stop the flow of water 
through the pair of units by controlling valve A. 

Fig. 4 shows the free mineral acidity and alkalinity of 
the Zeo-Karb H and Na Units for Case 2 as represented 
by tests on spot samples drawn every hour. The alkalin- 
ity of mixed effluent, free CO, after degasifier and hard- 
ness of mixed effluent are also shown. These curves show 
a very uniform alkalinity of the mixed effluent which is 
typical of this method of operation. It is easier to main- 
tain a uniform alkalinity of the mixed effluent if the flow 
from the H and Na units operating in parallel, are mixed, 
than if the free mineral acidity is neutralized by treat- 
ment with an alkali made up to constant strength and 
proportionally fed. 

As Zeo-Karb is non-siliceous it offers no possibility of 
introducing any silica to the water which it softens. 
Whereas silica is not removed by this process, there is 
no plant where it is used that any silica scale has formed 
in the boilers. Where silica scale forms in the boiler, 
it is almost invariably combined with calcium. Very 
little calcium enters the boiler and by maintaining from 
30 to 50 ppm of PO, in the boiler saline, this small amount 
of calcium will combine with phosphates in preference 
to silica. Silica has been found to concentrate as high as 
154 ppm, Case 1, without reacting with calcium to form 
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calcium silicate or any other silica scale. Some silica was 
found in the sludge or suspended matter. This is prob- 
ably largely combined with magnesium or iron, both of 
which substances are known to remove silica in a floc- 
culent form. A recent sample of boiler saline showed 124 
ppm silica in solution with a caustic alkalinity of 180 
ppm. That sample had 11 ppm suspended matter after 
ignition of which 1.2 ppm was SiO: by gravimetric deter- 
mination. 


Effect of a Deaerating Heater on pH Value 


Fig. 5 shows graphically the pH value of a water 
treated by this process before and after passing through 
a deaerating heater. The points on the curves do not 
necessarily represent samples taken consecutively be- 
cause the purpose of the test was to determine to what 
extent the pH value of the water after deaeration varies 
from the pH value of the water before dearation. Ac- 
cordingly, each time a sample of water was taken for 
testing before the deaerating heater, a corresponding 
sample was taken from the deaerating heater a few 
minutes later. The pH curve after deaeration is a reason- 
ably smooth curve varying between the limits of 8.6 and 
8.9, whereas the pH value before deaeration varied be- 
tween the limits of 5.8 and 7.2. The increase in pH value 
was solely due to removal of carbon dioxide from the 
water. The low pH value of 5.8 before deaeration did 
not signify any mineral acidity in the water; it merely 
indicated high free CO». 

The average engineer is not interested in the extent of 
hydrogen ion dissociation that is represented by a pH of 
7 but he understands that a pH of 7 is generally re- 
garded as a neutral water, a lower pH has an acid re- 
action, and a higher pH reacts alkaline. Furthermore, 
he considers pH values less than 7 cause corrosion and 
pH values higher than 7 do not cause corrosion. These 
conclusions are not strictly correct because waters with 
the pH value in excess of 7 frequently cause corrosion, 
particularly at higher temperatures and waters having 


PPM. AS Cacos 


TIME - HOURS 


Fig. 4—Free mineral acidity and alkalinity for Case 2 
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HARONESS OF RAW WATER 305 PPM. 


pH values less than 7 may cause very little corrosion 
especially at low temperatures. 


Approximate pH Value of Water from MO Alkalinity and 
Free Carbon Dioxide 


Fig. 6 shows pH values for varying ratios of methyl 
orange alkalinity to free CO,. This curve illustrates that 


33353353) ae ete 
suaeetcafanantaataats 
i it —LhLU HER HG HEE 
Hag ae SR SEER Sr ar Se Ra ah ea fe 
ag ga US a eee eee eee 
ere 
Ent ENE Gn Ln nn Een ane En aA nt 





Fig. 5—pH value of water before and after passing through 
deaerating heater 


if the methyl orange alkalinity in terms of calcium car- 
bonate is 1'/, times the free CO:, the pH value is ap- 
proximately 6.5. This condition would prevail if the 
water had an alkalinity of 15 ppm as CaCO; and 10 ppm 
of free CO,. If water of the same methyl orange alkalin- 
ity had only 5 ppm free CO:, as might be obtained by 
more effective degasification the pH value of this water 
would then be approximately 6.8, and if the free CO, 
were reduced to 3 ppm, the pH value would then be 
slightly in excess of 7. This curve is less accurate in the 
range of lower pH values, nevertheless it is fairly ac- 
curate. It illustrates why the 
pH value of condensate from 
heating systems is frequently 
quite low. If the boilers pro- 
duce a dry steam so that there 
is no carryover of alkalinity 
the methyl orange alkalinity 
of the condensate will be very 
low—approaching zero. This 
gives a low value for the ratio 
of methyl orange alkalinity to 
free CO2, and therefore a low 
pH value. 

If the condensate has a 
methyl orange alkalinity of 2 
ppm and if the condensate 
also contains 20 ppm of free 
CO2, the ratio of methyl or- 
ange alkalinity to free CO, 
then becomes 0.1 which repre- 
sents a pH value of 5.4. This 
is the starting point of the 
curve. Actually condensate fre- 
quently hasa lower pH value 
than 5.4 because, even though 
a boiler may deliver 100 per 
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cent dry steam, the amount of free CO, in the steam will 
be pretty much proportional to the sodium carbonate 
alkalinity in the boiler feedwater. This results from the 
dissociation of sodium carbonate within the boiler to 
form sodium hydrate and free CO, by the chemical re- 
action NasCO; + H,O = 2NaOH + COs. 

The extent of this dissociation varies with boiler pres- 
sure and other conditions, but for high pressure boilers 





Fig. 6—pH plotted against ratio of methyl orange alka- 
linity to free Co, 


it is generally estimated that approximately 80 per cent 
of the sodium carbonate is dissociated. On this basis a 
water having 10 ppm sodium bicarbonate alkalinity, in 
terms of calcium carbonate, will deliver approximately 
8 ppm of CO, to the condensate if the makeup water were 
100 percent. Ifthe makeup were 50 per cent and the bal- 
ance is condensate free from CO, the amount of CO: going 
off with the steam will be only one-half as great. This illus- 
trates the value of having low alkalinity in the feedwater 
makeup if it is important that the condensate should be 
low in free COy. The condition applies to any steam 
heating plant or for any process where steam is used for 
indirect heating. It is for this reason that district steam 
heating plants are today making special effort to have 
a makeup of low alkalinity and one of the most important 
utilities in the East is now planning to treat the makeup 
water in such a way as to give approximately zero 
alkalinity. 

Appreciation is expressed for the work done by A. F. Prysbeck, Chemist for 
the West Virginia Pulp & Paper Co., Williamsburg, Pa., who has supplied most 


of the data used in this paper pertaining to Case 1. Here The Hall Labora- 
tories supervise the control of the boiler water conditions. 





New Unit Started at Ford Plant 


On April 13 Henry Ford operated the controls which 
started up the second 900,000-lb per hr, 1400-lb pressure, 
925-F steam generating unit at the Rouge Plant of the 
Ford Motor Company. This is the second unit of this 
size and pressure and the fourth 1400-lb unit to be in- 
stalled at this plant, the two smaller and earlier units 
being of 700,000 lb per hr each. The new unit will 
supply a 110,000-kw condensing turbine-generator similar 
to the two already in operation. These, together with a 
15,000-kw back-pressure turbine-generator, previously 
installed, make the high-pressure electric-generating 
capacity of this plant 345,000 kw, supplied by 3,200,000 
Ib per hr boiler capacity. In addition there are four low- 
pressure (240-lb) boilers with an aggregate steam capacity 
of 2,000,000 lb per hr. Thus the Rouge Power Plant No. 
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1 is not only the largest industrial power plant in the 
world, but at the present time has the greatest high- 
pressure capacity of any plant. 

Electric power production at the Rouge plant has, 
from the outset, held the close interest of Mr. Ford 
whose early experience was that of an operating engi- 
neer, he having been chief engineer at one of The De- 
troit Edison Company’s power plants at the time he 
built his first experimental automobile more than 40 
years ago. 

Following are some pertinent facts concerning the lat- 
est addition to the Rouge Power Plant: 


STEAM GENERATING UNIT 


Type—Double-set, C-E design, fired with pulverized coal, blast-furnace gas 
and coke-oven gas 

Rated capacity—900,000 Ib per hr 

Steam pressure—1400 Ib per sq in. 

Total steam temperature—925 F 

Heating Surface 


Boiler proper 24,410 sq ft 

Water walls 9,500 sq ft 

Superheater 24,019 sq ft 

Economizers (2) 25,200 sq ft 

Air heaters (2 plate type) 86,016 sq ft 

Total 169,145 sq ft 

Furnace (25 ft 8 in. x 32 x 35 ft high) 29,000 cu ft 
Total number of boiler tubes 24,470 
Total length of boiler tubes 12 miles 
Total length of superheater tubes 8!/2 miles 
Total weight of boiler 3,631,200 Ib 


Material in boiler 50 car loads 
Boiler drums 
Steam drum, 40 in. 1.D., 3!'/i6 in. thick, 28 ft 1 in. long 
Two upper drums, 48 in. 1.D., 6!/4 in. thick, 35 ft 7 in. long 
Two lower drums 40 in. I.D., 5'/4 in. thick, 31 ft long 
Guaranteed efficiency 87.8 per cent 
Total fuel consumption at full load equals 46 tons per hr 
There are 12 coal feeders—corne: firing—3* /, tons per burner 
Capacity of 4 blast-furnace gas burners equals 1,800,000 ft per hr which will 
generate 110,000 lb of steam per hour 
Capacity of 4 coke-oven gas burners equals 300,000 ft per hr, which will 
generate 120,000 lb of steam per hour 


FANS 


2 induced-draft, 260,000 ft per min each 
4 forced-draft, 70,000 ft per min each 
2 primary draft, 50,000 ft per min each 


TWO BOOSTER PUMPS 


2535 gpm each—1771 ft head 
247 F—750 lb discharge 


TWO BOILER FEED PUMPS 


2800 gpm each—407 F 
2300 ft head—1860 bhp—1600 Ib discharge pressure 


HIGH-PRESSURE HEATER 
Capacity 840,000 Ib per hr from 310 to 395 F 


CROSSOVER HEATER 
Capacity 840,000 lb per hr from 240 to 311 F 


DEAERATING HEATER 


From 171 to 240 F—Guaranteed to deliver 1,283,200 Ib per hr containing 
not more than 0.03 ce per liter of oxygen 


L.P. HEATER 
Will heat 688,000 lb of water per hour from 87 to 171 F 


TURBINE-GENERATOR 


Capacity: 110,000 kw vertical compound type—80 per cent p. f. equals 
137,500 kva—h.-p. element, 12 stages, 1.-p. element, 10 stages 
double flow, speed 1800 rpm 

Generator: 2 generators, each 55,000 kw, 3-phase, 60 cycles, 13,800 v 

Performance: Throttle pressure 1215 lb, temperature 925 F, 4-stage 

bleeding at 225 lb, 86 lb, 25 lb, 7.4 lb abs. Throttle water 
rate at 90,000 kw equals 8.05 lb per kwhr o1 8879 Btu per 
kwhr, equal to 38.5 thermal efficiency 

Unit Dimensions: Overall length 66 ft, width of generator 24 ft 10 in.; 

height of turbine 22 ft 3in. Floor area per kw of rating 
imposed by maximum dimensions, !/, cu ft per kw 

Unit Weight: Net weight of unit equals 2,089,000 lb. Heaviest single 

piece to be handled is generator stator of low-pressure ele- 
ment equal to 120 tons 

Condenser: Single-pass, surface, 73,000 sq ft; total length of all tubes 

about 65 miles 

Circulating Pumps: Two 54-in. vertical pumps 58,700 gpm, 300 rpm, 325 

bhp, 84 per cent efficiency 

Hotwell Pumps: Two 10-in., 2000 gpm each, 200 ft total head, 900 rpm, 

149 bhp 


May 1939—-C OM BUSTION 








a =-__ ~-f)h lke Oo 







































Modernized 
Brewery Power Plant 


By WILLIAM SCHULER 
Plant Engineer, Jacob Ruppert, Inc. 


In replacing its old power plant which had been serving 
the brewery for the past 30 years, Jacob Ruppert, Inc., 
New York City, realized that large savings could be 
effected by installing bleeder-type turbines for furnishing 
brewery steam requirements instead of supplying proc- 
ess steam direct from the boilers. 

The former plant consisted of five stoker-fired boilers 
of the four-drum type. These generated steam at 
125 Ib pressure for process and engine room use. Ma- 
chinery in the engine room consisted of a 500-kw d-c 
geared turbine-generator and two 300-kw d-c reciprocat- 
ing engine-driven generators, as well as 1400 tons ca- 
pacity of steam-driven ammonia compressors. The 
principal process use was for 125-lb steam for the four 
700-bbl wort cookers and for the grits cookers. Now 
these brew-house kettles are heated with 25-lb steam 
bled from turbines instead of coming direct from the 
boilers as under the former set-up. 


Boiler Plant 


Steam is furnished by three Combustion Engineering 
two-drum steam-generating units, each designed to fur- 
nish 50,000 lb of steam continuously or 70,000 Ib for two 
hours at 450 Ib pressure. The operating pressure at the 
superheater outlet, however, is 410 lb and 625 F total 
steam temperature. The furnaces are completely water 
cooled with plain tubes and have combination burners 
making it possible to burn either pulverized coal or oil. 
Pulverized coal is supplied by three C-E Raymond bowl 
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Fig. 1—General view of turbine room 


mills. Air preheaters of the tubular type are provided. 


Turbine Equipment 


The principal turbine-room equipment consists of 
two 2000-kw double-automatic Westinghouse bleeder- 
type condensing turbine-generators and one 1000-kw 





Fig. 2—Each boiler is served by a bowl-type pulverizer 


single-automatic bleeder condensing turbine-generator. 
This combination of machine sizes provides maximum 
flexibility and reliability and high operating efficiency. 
Each turbine receives throttle steam at 400 lb and 600 F 
total temperature and exhausts to a condenser at a 28- 
in. vacuum. The exciters are direct connected. 

The 1000-kw turbine, designed to carry week-end loads, 
has one extractor point at 30 lb gage and each of the 
2000-kw units has a high-pressure bleed point at 115 Ib, 
and a second bleed point at 30 lb. Extraction steam 
at 115 lb is used in the steam-driven refrigerating com- 
pressors, auxiliaries and the bottling plant, and the 30- 
Ib extraction steam is used for process requirements in 
the brewery. 

The new brew house and 
the new boiler room operate 
on alternating current and 
the four 300-ton ammonia 
compressors, to be installed, 
will each be powered by a 
400-hp a-c synchronous mo- 
tor. A portion of the brew- 
ery still operates on direct 
current, including the charg- 
ing of 125 electric trucks. 
This necessitated the instal- 
lation of three synchronous 
motor-generator sets. More- 
over, the synchronous motors 
provide power-factor correc- 
tion sufficient to maintain the 
system at a point near unity. 

These sets are rated at 
500 kw, 300 kw and 200 kw, 
respectively, and can be 
operated to follow the load 
efficiently. Reliability is also 
afforded as any two sets can 
carry the load under most 
conditions. 
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. are readily meeting high tempera- 


ture conditions without makeshift in 


design, material or parts. 


The sound 


and proven principles of the Vulcan 


valve operating 


head, bearings and 


elements guarantee operating econo- 


mies which make 


both the annoyance 


and cost of frequent servicing un- 


necessary. 


VULCAN 
SOOT BLOWER CORPORATION 


DUBOIS, PENNSYLVANIA 








Electrical System 


The entire electrical system has been planned to in- 
sure uninterrupted operation. There are two separate 
bus systems connected by Westinghouse 1000-kw bus 
tie transformers, 3 phase, 2200/220 volts. These trans- 
formers can be completely isolated by their high- and 
low-tension circuit-breakers so that a transformer fault 
will not affect the operation of the system. Further in- 
surance against interrupted operation is gained by having 
placed the 1000-kw turbine-generator on the low-tension 
bus while the two 2000-kw machines generate at the 
high voltage and feed the 2200-volt bus. Thus failure 
of either bus or the bus tie transformers cannot cause 
complete failure of electric service. 

The low-tension switching is accomplished by carbon 
circuit-breakers mounted on vertical panels of ebony as- 
bestos and provided with disconnect switches, whereas 


| the high-tension switchgear is of the vertical lift-up, cu- 


bicle type. 

The main control board for all switchgear is located on 
the turbine room floor and consists of a row of steel panels 
on which are placed all metering instruments, all pro- 
tective relays, control switches, voltage regulators and 
other items necessary to proper operations of such a 
station. An interesting feature of this board is a West- 
inghouse automatic synchronizer which automatically 
closes the incoming breaker when a machine is being 
paralleled. This device makes it impossible for an 
operator to bring a machine in out of phase, because the 
synchronizer selects an instant when speed and phase 


| relation are right and then closes the incoming breaker. 








“It’s the & Best”’ 


Regardless what type of boiler 
you operate or what kind of 
firing or fuel feed employed, 
there is a Champion Coal scien- 
tifically prepared for the <a 
Thiscomplete range of Champion 
Coal makes possible the one best 


PITTSBURGH COA 


typeof coal for your exactneeds, 
assures maximum evaporation 
and over-all combustion effici- 
ency and a minimum of furnace 
maintenance the year around, 
Avail yourself of our combus- 
tion engineering service. 


L CO., Pittsburgh, Pa. 


District Offices in Principal Cities 


















Gas-Produced Electricity 


One-ninth of all the electricity generated in the United 
States for public use during 1938 was produced by gas, 
according to statistics compiled by the American Gas 
Association. Over 172 billion cubic feet of natural gas, 
averaging 1100 Btu per cu ft, was sold for electric genera- 
tion in steam power plants during the past year. By 
standard methods of computation it is shown that this 
gas generated about 12,650,000,000 kwhr, which was 11 
per cent of the total reported from all sources for public 
utility plants for 1938. Of the kilowatt-hours produced 
by fuel-burning plants, gas accounted for approximately 
19 per cent, or nearly one-fifth. 





Less Coal, More Power 


Public utility power plants now require close to 50 
million tons of coal annually for their operation, but that 
amount is only half of what would have been needed by 
equipment of 20 years ago in producing the same amount 
of electricity, W. E. Blowney, turbine engineer for the 
General Electric Company, told graduates of the U. S. 
Naval Academy on April 22. An average 30,000-kw 
steam turbine plant in 1918 required about $3500 worth 
of coal for each day’s operation, whereas the daily coal! 
bill of today’s turbine of the same size is only $1450 for 
producing the same amount of electricity. The best 
30,000-kw station of 1918 daily consumed $1670 worth 
of coal as compared to $900 worth of coal for operating 
the most efficient and modern plant of that size today. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Relative Heating Surfaces for 
Parallel and Counter Flow 


An article by J. I. Sel in Die Warme of March 18, 1939 
discusses the ratio of heating surfaces for parallel and 
for counter flow, giving mathematical expressions that 
may be applied to the given case. Of special interest, 
however, is a chart, here reproduced, which permits 
visualizing these relations and the factors upon which 
they are dependent. 
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Chart showing relation of various factors for parallel and 
counter flow 


By developing the usual basic equations for heat trans- 
fer for both parallel and counter flow, and assuming that 
the heat transfer coefficient is a constant in both cases, 
the author determines values for the following which are 
plotted on the chart: 


ratio of mean temperature differences for counter 
flow to parallel flow 

= ratio of total heats exchanged for counter flow to 

parallel flow , 

= ratio of heating surfaces for counter flow to 
parallel flow 

ratio of quantity of heating fluid times its specific 
heat to the quantity of cooling fluid times its 
specific heat 

= ratio of leaving temperature of heating fluid to 
that of its entering temperature, both mea- 
sured above the entering temperature of the 
cooling fluid 

the efficiency, i.e., the portion of the total heat 
available that is absorbed when the heating 


n 


| 
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fluid is cooled to a given leaving temperature 
e= 100(11-—7)% 


The chart shows that for a given fluid-value ratio, », 
the heating surface ratio, 7, is principally dependent upon 
the efficiency «. For a fluid value ratio v = 0.25 and an 
efficiency of 50 per cent, the heating surface ratio 7 = 
0.95. The difference between heating surfaces of a 
counter-flow and a parallel-flow exchanger is in this case 
very slight. Only where greater percentages of heat 
are absorbed does a marked difference in the relative 
performances show up. For e = 75 per cent, 7 = 0.71 
and for certain values of r, 7 = 0, and the parallel flow 
heating surface becomes infinitely large; here the » 
curve intersects the abscissa axis. These limiting 
values where the v curves intersect the abscissa axis 
depend upon the fluid-value ratio vy and show to what 
relative leaving temperature, above the entering cooling 
fluid temperature, the heating fluid may be cooled in 
the ideal case of infinitely large heating surface. 


Wave Impulse Stoker 


Engineering and Boiler House Review for April 1939 
describes a new type of stoker called the ““Wave Impulse 
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Half cross-section through furnace 


extend transversely across the grate, their spacing from 
front to rear being about 6 in. These bars are actuated 
by connecting rods driven by a crankshaft on each side 
of the furnace so as to impart alternate rising and falling 
motion to successive bars. This produces a wave motion 
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to the fuel bed, in addition to its rearward slope and 
p re) S | T | V E causes the fuel to work gradually to the back of the grate. t 
The motion also effectively breaks up the fuel bed and n 












































permits air to pass through it. The sketch represents ’ 
. a half cross-section through the furnace and shows the t 
@ ) | eC @ | | () a mechanism of the up and down movement of the grate. 5 
The bars are deeper at the center to provide strength r 
and although the rising and falling motion is transmitted 
to the ends, each bar is positively located at its center ] 


in order to take care of expansion. The tuyéres are de- 
signed to drop on to keys built into lugs on the carrier 





bars. The crankshafts on each side are divided into ( 
three sections at different levels, because of the slope of : 
the grate, in order to keep down the lengths of the con- 7 
necting rods. There are five riddling or sifting hoppers f 
each extending under the full width of the grate, which t 
also constitute the air compartments connected with 

the forced-draft duct. 


_ Comparison of Turbine Designs for 
| Same Capacity 


The accompanying sketches, reproduced from the 
February issue of Brown Boveri Review, show a compari- : 
son in dimensions, for the same output and the same ) 
exhaust-steam area in the condenser, of the new Brown | 
Boveri single- and two-cylinder turbines (middle and 
lower views, respectively) with the three-cylinder tur- 
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Hundreds of leading utilities and industrial plants insist 
upon Yarway Water Columns to protect their boilers. 


Yarway’s unique Hi-Lo Alarm mechanism utilizes 
balanced solid weights that are as indestructible and 
unchanging as the metal itself. Operating on the dis- 
placementprinciple, they literally “weigh the water level.'' 














When the high or low water emergency occurs—instant, 
positive, powerful, hair-trigger action results—giving 
warning of danger by whistle, light, or both. 








Yarway Water Columns, eight standard 
models, iron bodies with screwed connections 
for pressures upto 250 Ibs., forged steel bodies 
with flanged connections for pressures up to | 
1500 Ibs., are fully described in Catalog 
WG- 1806. Write for acopy and working model. 


YARNALL-WARING COMPANY 
101 Mermaid Ave. Philadelphia 
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Comparison of sizes for same capacity 


WAY bines (top view) built until recently. The two-cylinde: 
turbine is furnished for the highest pressures and tem- 


peratures and the single-cylinder machines for medium 
FLOATLESS HI-LO ALARM pressures. 


W The new single-cylinder turbines, of which six with an 
A T E R * 0 L U M N aggregate capacity of 192,000 kw have lately been in- 


stalled, are characterized by an impulse wheel as the high- 








May 1939—-C OM BUSTION 











pressure and regulating stage, a medium-pressure reac- 
tion element and a double-flow low-pressure element, all 
mounted on a single rotor. In this design the rotor is 
welded throughout, the welded construction providing 
the rigidity of a drum-type rotor and providing strength 
superior to that of a disk rotor in which shaft borings are 
required. 


District Heating in Paris 


An article in the April issue of The Steam Engineer 
(London) reviews the development and extension of 
district steam heating in Paris during the past ten years. 
This is operated by the Compagnie Parisienne de Chauf- 
fage Urbain, originally a private company but now under 
the direct control of the municipality. 

When service was started in 1929 the old Bercy elec- 
tric generating station was employed to furnish the 
steam to a group of buildings in the immediate vicinity. 
This station burns a large amount of town refuse. The 
mains were extended in 1932 to cover a larger area and 
more recently further extensions have been made which 
are supplied with steam from several power stations. 
Over 15 miles of mains are now in use and the steam 
consumption of the system has increased to five times 
the initial use. 

Steam is generated at 284 Ib pressure and is transmitted 
through the trunk lines at 114 to 170 Ib. These connect 
with secondary mains to which the steam is further re- 
duced to pressures varying from 57 to 85 Ib. At the 
individual service lines the pressure is further reduced. 
Much of the condensation is returned to the central 
stations through separate lines. 


Savings Effected by the 
Grid System in England 


According to Industrial Britain for April, during the 
year 1938 the British electrical ““Grid’’ was for the first 


time in operation throughout the country, and accounted | 


for approximately 97 per cent of the entire central-station 
output. 

Capital savings to the system as a whole, due to inter- 
connection and substantial reductions in reserve generat- 
ing capacity, are estimated by the Central Electricity 
Board to have amounted to 22 million pounds, equivalent 
to about three-fourths the cost of the Grid distribution 
system and its various extensions to date. 

Due to the concentration of output among the more 
efficient stations, marked economies in generation have 
been effected. In this respect, the average cost per 
kilowatt-hour output in 1938 was approximately 24 per 
cent under that of 1932, at which time extensive inter- 
connection was begun. During this period there has 
been a 20 per cent reduction in fuel consumption, 
despite increased output, but the economies of this re- 
luction have been offset to a large extent by rising fuel 
costs. 

At present the installed capacity of the selected 
generating stations feeding into the Grid is 8,264,160 
kw and the Board contemplates extending this by 
‘24,500 kw in the near future. The output of electricity 
in 1938 is stated to have been in excess of 24 billion 
kilowatt-hours. 


COMBUSTION—May 1939 





| 
| 
| 
| 

























mmm A BETTER 
BOILER ROOM boss 


No HUMAN can give you the 
kind of combustion efficiency provided 
by Hays Centralized Control. Engineered 
to fit the needs of the individual plant, 
it maintains test conditions automatically, 
continuously and economically. 

A and 


seven in 


thirty- 
building 


combustion instruments are your guarantee 


nation-wide service 


years’ leadership 
of the best when you specify Hays 
Centralized Control. A new, complete 
catalog will be gladly sent at your request. 
Write to 920 Eighth Avenue, Michigan 


City, Indiana. 


CORPORATION 


MICHIGAN CITY. INDIANA, U.S.A 











































NEW CATALOGS 


AND BULLETINS 


Any of these publications will be sent on request. 








Combustion Control 


The application of Metermax combus- 
tion control to boiler furnaces of all major 
types is featured in a new 32-page catalog 
just issued by the Leeds & Northrup Com- 
pany. Profusely illustrated, this publica- 
tion not only pictures each type of instal- 
lation, but by means of schematic dia- 
grams shows how Metermax is applied. 
Reproductions of chart records illustrate 
the results actually being secured in cen- 
tral stations and industrial power plants. 
There is also a large double-page photo- 
diagram in which a special effort has been 
made to present the system so clearly that 
even a non-technical reader can easily 
grasp the essentials. 


Compressors 


A 28-page catalog has been issued by 
Ingersoll-Rand Company covering a line 
of compressors built in sizes from 10 to 125 
hp and for pressures of 5 to 2500 Ib. 
These compressors are of the double- 
acting, horizontal, cross-head type, de- 
signed to run at moderate speeds on heavy 
duty service. They are available for a 
variety of drives, including V-belt, short 
belt, direct-connected steam engine or 
motor. These machines are built for com- 
pressing air or gases in such services as 
refrigeration, vacuum, high pressure and 
steam-boosting. Special non-lubricated 
cylinders are available for oil-free opera- 
tion. 


Feedwater Control 


A 16-page bulletin, No. 105, entitled 
“‘Three-Element Feedwater Control’ has 
been issued by Bailey Meter Company. 
It describes a system of feedwater control, 
which accurately measures feed to the 
boiler, steam flow from the boiler and 
boiler water level, and which functions to 
control feedwater input so that it equals 
steam output at all times. Numerous 
chart records are reproduced in the bulletin 
showing operation of the system under 
various conditions. 


Flexible Couplings 


A new catalog by Lovejoy Flexible 
Coupling Company describes and _ illus- 
trates its complete line of couplings and 
their application. Tables are included 
giving dimensions, maximum horsepowers 
that may be transmitted and list prices 
for a wide range of sizes. 


Gaskets for Ring Joint Flanges 


A revised bulletin and price list on oval 
and octagonal rings, issued by Goetze 
Gasket & Packing Company, Inc., covers 
standard gaskets for ring-joint flanges in 
Armco iron and 4-6 chrome alloy. It 
contains dimensions and prices for A.P.I. 
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standard size rings from No. 11 to No. 79, 
also rings for pipe from */, to 24 in. and for 
working pressures from 300 to 600 lb and 
900 to 1500 Ib. 


High-Pressure Feed Pumps 


Just off the press is the Pacific Pump 
Works’ new 24-page bulletin No. 74, deal- 
ing with high-pressure boiler feed pumps. 
These are of the multistage type with 
forged steel double casing and incorporate 
several new features, including the use of 
mechanical and floating seals for high- 
suction, high-temperature service. De- 
sign conditions range from 50 to 2700 gpm 
at differential pressures up to 2500 lb and 
temperatures up to 850 F. The bulletin is 
attractively illustrated with numerous in- 
stallation photographs, and basic informa- 
tion is given on nearly 200 installations 
made during the past 12 years. 


Industrial Cranes 


The Harnischfeger Corporation an- 
nounces Bulletin C-6 on the design and 
application of its line of industrial cranes 
in capacities from 3 to 300 tons. Clear- 
ance dimensions, hoist, trolley and bridge 
traverse speeds are included for each unit, 
as well as action photos, showing the use 
of industrial cranes in all types of plants. 


Insulation 

The Baldwin-Hill Company announces 
a new catalog on rockwool insulation 
materials for industrial and power plant 
use. Included in the general description 
are such products as insulation wool, a 
loose fill material; rockwool blankets; No. 
100 pipe insulation; No. 7 insulating 
block; No. 1 insulating cement; weather- 
seal; diatomaceous earth products; as- 
bestos cement; asbestos wick and rope; 
fibrous adhesive and finishing cement. 
Descriptive information is given as to the 
insulating efficiencies, suggested methods 
of application and heat loss curves. 


Pressure Recorders 


A new bulletin has been issued by 
Crosby Steam Gage & Valve Company de- 
scribing its completely redesigned pressure 
recorders. These instruments now have 
interchangeable tubes, micrometer cali- 
bration adjustments, one-piece stainless 
steel pens and push-pull snap action chart 
hubs. The cases are suitable for either 
wall or flush mounting and for automatic 
camlocks. 


Protection against Lost 
Ignition 
Bulletin A-1105 issued by Wheelco 
Instruments Company describes the 
‘‘Photo-Head”’ which is a device incorporat- 
ing a photo-electric cell designed to act 


instantly upon flame failure in furnaces. 
In conjunction with the ‘‘Flame-otrol,”’ it 
shuts off the fuel supply automatically in 
case of lost ignition. It is applicable to all 
fuels burning with luminous flames. 


Pyrometers 


A 36-page catalog, presenting complete 
information on the line of ‘‘wide-strip’’ 
pyrometer recorders and controllers manu- 
factured by The Bristol Company, has 
just been completed. This contains a 
description of the fundamental principles 
of operation of these instruments and 
illustrates the various operating units as 
well as special features of design. Details 
are also given regarding the various types 
of thermocouples and the charts, with 
ranges available. Representative charts 
of actual size are included. 


Water Analysis 


Those engaged in analytical work or 
water conditioning will find helpful in- 
formation in the fourth edition of the 
‘Water Analysis Manual’ recently pub 
lished by the W. H. & L. D. Betz Labora- 
tories. This tells how to obtain repre- 
sentative samples and follows through with 
correct procedure and calculation of results 
for each test. Chemicals required are also 
enumerated and apparatus is illustrated. 
In addition to various standard tests, 
several new methods of analyses are de- 
scribed, including the THQ and Betz- 
Hellige methods for sulfate determination. 


Water Columns and Gages 


Ernst Water Column & Gage Company 
has just issued in loose-leaf form, a bulletin 
illustrating its line of adjustable split- 
gland water columns of the vertical and 
inclined types for heavy-duty service, as 
well as water gages and gage glass illumi- 
nators, try-cocks, gage glasses, gaskets, 
etc. Complete price lists are included. 


Welding of Wrought Iron 


In order to clear up certain misconcep- 
tions concerning the welding of wrought 
iron, A. M. Byers Company has com- 
pletely revised its welding bulletin and 
brought out a new 16-page edition con- 
taining information on tests conducted by 
Lloyds Register, the National Weld Test 
Bureau, American Bureau of Shipping and 
other bodies. Practical data are given for 
oxy-acetylene welding and arc welding and 
both physical and chemical characteristics 
are included. The bulletin is fully illus 
trated. 


Zeolite Water Softeners 


Publication No. 2860 issued by Coch- 
rane Corporation is a 20-page illustrated 
bulletin containing factual information on 
the operation of its zeolite softeners. In 
addition to the descriptive matter, instal- 
lation data and dimensions are included. 
The units cover a wide range in capacity 
up to 435 gpm of softened water, and the 
text tells how to select the size of units and 
discusses when to install single, double or 
triple units to meet given requirements. 
Price lists, weights, dimensions and capaci- 
ties are given in tabular form. 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on this page may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





Practical Heat 
By Terrell Croft 
Revised by R. B. Purdy 


This book was first published in 1923. It represented 
a successful attempt to present, by practical demon- 
stration with minimum theory and without mathematical 
treatment, the fundamental laws of pressure, work, 
energy, heat and the heat phenomena of gases and vapors. 
Over six hundred sketches and other illustrations were 
employed to demonstrate the practical application of 
these laws. 

Inasmuch as the greater part of this information is 
basic and holds today just as it did when the first edition 
was brought out, revision of the text has been confined 
principally to bringing the applications up to date. 
Among the applications included are combustion, steam 
power plants, internal-combustion engines, building 
heating, refrigeration and instruments of various kinds. 
An appendix contains numerous problems and their 
solutions. 

The text, because of the simple presentation, provides 
easy reading and affords a broad general understanding 
of the subject. As such it should be helpful to the 
student, the practical engineer and others who may de- 
sire to review such matters. It is not intended to assist 
those engaged in design or in the solution of special ap- 
plications. 

There are over 700 pages, 5 X 8 in., bound in cloth, 
and the price is $5. 


The Superheater in 
Modern Power Plants 


By D. W. Rudorff 


The author, who has long been associated with super- 
heater design abroad, has prepared this book primarily 
for the use of power plant designers and operators. 
Fundamental computations are supplemented by design 
data and performance curves and a discussion of factors 
affecting superheater operation. Various types and de- 
signs of superheaters are covered in detail, as well as their 
application, and a chapter is devoted to superheat regu- 
lation. Reheaters and desuperheaters are included. 
Superheated steam tables are appended. 

The text and illustrations are by no means confined to 
European practice, but also include much from American 
practice. 

This book, by covering in detail a subject that receives 
only scant attention in most works on power plant design, 
should fill a gap in such literature. It is especially op- 
portune at a time when steam temperatures are increas- 
ing and the superheater assumes added importance as a 
part of the steam generating unit. The text covers 293 
pages, including 155 illustrations, and the price is $6. 
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How to Buy, Sell and Burn Coal 
By Thomas A. Marsh 


This is a pocket-size booklet of 97 pages, with flexible 
cover, written in non-technical language, for the guidance 
of those concerned with fuel distribution, selection and 
utilization. The significance of different coal character- 
istics is explained and the fundamentals of coal burning 
equipment described. Of specific value to the operator 
is a schematic analysis of troubles and their remedies 
which covers over thirty pages. Space is also devoted to 
boiler testing, smoke abatement and general combustion 
information. 

The price of the booklet is $1. 


Diesel Engines, Theory and Design 
By Howard E. Degler 


This is a practical text covering the thermodynamics 
of internal-combustion cycles, fuels, combustion and 
combustion chambers, the principles of engine design and 
the efficiency of such engines. It is intended primarily 
for the use of students, designers and draftsmen who have 
some knowledge of the principles of mechanics. In- 
cluded is a chapter on the methods of testing and deter- 
mining the performance of diesel engines in accordance 
with standard test codes of the American Society of Me- 
chanical Engineers and the Society of Automotive 
Engineers. In this connection tabulated test results 
and characteristic performance curves are given. De- 
scriptive matter has been subordinated. 

The text covers 270 pages which are amply illustrated. 
Price $2.50. ' 


A.S.T.M. Specifications for Steel Piping 
and Piping Materials for High-Tem- 
perature and High-Pressure Services 


For many years Committee A-l on Steel, of the 
American Society for Testing Materials, has been de- 
veloping specifications covering steel materials for 
high-temperature service. Quite a number of standards 
have been issued and published as separate pamphlets 
and also in the Book of A.S.T.M. Standards. Recently 
to make specifications in this particular field available 
in convenient compact form there has been issued a 
special compilation giving eighteen specifications cover- 
ing carbon steel and alloy-steel pipe and tubing, castings, 
forgings and bolting. All of these are extensively used. 
Several have been approved as American Standards by 
the American Standards Association and a number 
have been adopted by the Boiler Code Committee of the 
American Society of Mechanical Engineers. 

The price of this 135-page publication, with heavy 
paperboard cover and spiral ring binding, is $1.25. 
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INDICATORS FOR BOILERS 


MODERN WATER LEVEL ALARMS AND 


MICASIGHTS Remove Danger 


REG. U. S. PATENT OFFICE 


of Flying Glass.. 
Save costly damage claims 
and frequent upkeep expense 


Install tough, pressure- 
proof MICASIGHT — 
make safe the important 
job of watching boiler 
water levels. Cut the cost 
of maintaining gage 
glasses that explode and 
cut and maim. 

Reliance MICA- 
SIGHTS won’t burst or 
leak — withstand pres- 
sures to 2000 Ibs. Un- 
breakable mica is secure- 
ly clamped in forged steel 
body. Years of service 
without replacing mica 
— a big saving in Sethe, 
repair expense. 

Give yourself, your men 
the safety of this praise- 
winning accessory. Hun- 
dreds in use. Write today 
for MICASIGHT data — 
The Reliance Gauge 
Column Co., 5902 Car- 
negie Ave., Cleveland, O. 


MICASIGHT and Reliance 
Boiler Alarm, Gair Container 
Corp., plant (Cleveland Carton 
Div.). Boiler operating at 450 


lbs. W.S.P. 
@ BOILER SAFETY DEVICES SINCE 1884 


Reliance 














WE READ WATER 


Every drop of water has a story to tell us. We know how 
to read it and answer the many difficulties it is bringing your 
plant. The story tells a battle against efficiency . . . corro- 
sion, scaling, too much of this chemical, too little of that. 
We read it, tell the answer, and have the organic chemicals to 
correct the water. Known throughout the Nation are these 
Haering products... 


Beta Glucoside 
For Scale Prevention 


Chrom Glucosate 

For Corrosion Prevention 
Sodium Glucosate 
For pH Adjustment 
Sulpho Glucosate 
For Oxygen Removal 


H-O-H FEEDERS 


For Accurate 
Proportioning 


Pyro Glucosate 
For High Pressure Boilers 


Our laboratories in Chicago, 
and Wichita, Kansas, serve 
you overnight. Send us 
your water problems; or 
write for “Organic Methods 
of Scale and Corrosion 
Control.” 


D.W.HAERING & CO., Inc. 
3408 W. Monroe St. 


CHICAGO 
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EQUIPMENT SALES 


Boiler, Stoker, Pulverized Fuel 


as reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


1938 
Water Tube Fire Tube 
No. Sq Ft No. Sq Ft 
52 201,151 49 61,911 
48 185,257 45 58,028 
58t 238,830t 58 54,752 


158} 625,238t 152 174,691 


1939 
Water Tube 
No. Sq Ft 
73t 372,911t 
309,235 
380,954 


.-Mar... 
Inclusive.. 239 1,063,100 
tRevised 


1939 1938 
Fire Tube 

No. Sq Ft 
35 42,752 
45 55,173 
50 49,039 


130 146,964 





Mechanical Stoker* Sales 


1939 1938 1939 
Water Tube Water Tube Fire Tube 
No. Hp No. Hp No. Hp 
44 17,067 9,484 145 17,842 76 10,991 
46 20,715 36t 12,450 140 18,217 76ft 12,216} 
(Statistics for March not yet available) 
-Feb. Inclusive .. 90 37,782 64 21,934 285 36,059 152 23,207 
* Capacity over 300 lb of coal per hour 
t Revised, 


1938 
Fire Tube 
No. Hp 
28 
ar 
me 


Ja 





Pulverizer Sales 


1939 1938 1939 
Water Tube Water Tube Fire Tube Fire Tube 
Cap Cap Cap Cap 

No. Lb No. Lb No. Lb No. Lb 
N.t E. tCoal/Hr N.tE. t Coal/Hr N.t E.t Coal/Hr N.t E. t Coal/Hr 
10 — 79,000 — 40,500 — 
7— 89,600 1 38,020 — 
26 — 483,560 2 26,100 — 


12 3 104,620 — 
E—FExisting boilers. 


1938 


5 saa 
7 — 
Jan-Mar. 
Inclusive... 43 — 652,160 
t N—New boilers 
t Revised. 
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